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The high-speed and load capability of tapered roller bearings 
has been demonstrated by several research and development pro- 
grams conducted jointly by the Boeing Vertol Company and the 
Timken Company.    Tests were conducted on a 3.5-inch bore   (6500 
series)   tapered roller bearing operating at 16,000 rpm  (20,000 
fpm)  and supporting a thrust load of 5500 pounds and a radial 
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load of 7500 pounds. Although the tests were successful and 
demonstrated the high-speed capability of tapered roller bear- 
ings, additional experimental testing appeared necessary to 
evaluate the tapered roller bearings selected for the HLH/ATC 
drive system. 

The bearings designed to support various HLH transmission 
spiral bevel gears exceeded some of the design parameters 
tested on previous programs. Some of the parameters not 
tested were increased bearing size, increased loading, higher 
cone rib tangential velocity, higher contact angles and higher 
cone rib stresses. Additional testing and development was, 
therefore, considered necessary to evaluate the effects of 
these parameters on the performance of the HLH tapered roller 
bearings. 

This report presents the results of efforts, conducted between 
September 1971 and August 1973, to define the design criteria 
and to design, fabricate, and test high-speed tapered roller 
bearings for the HLH/ATC combining transmission engine input 
pinion gear in accordance with Contract DAAJ01-71-C-0840(P40). 
Tests were performed on two sizes of tapered roller bearingss 
operating at 11,500 rpm and 14,000 rpm and loads equivalent 
to 8310 horsepower. Technical inspection and evaluation of 
the test results were used for selecting the initial end-play 
setting, oil-flow rates, and Internal geometry of tapered 
roller bearings to be used in the HLH/ATC drive system. 

Testing conducted during this development program has provided 
Information necessary to successfully operate high-speed 
tapered roller bearings in the HLH/ATC applications. A lim- 
ited endurance test of 150 hours was completed at the end of 
this program. 
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PREFACE 

The high-speed tapered roller bearing development work 
presented in this report has been completed in partial ful- 
fillment of Contract DAAJ01-71-C-0840 (P40) . This effort was 
primarily a development program to define design criteria and 
to design, fabricate, and test HLH tapered roller bearings at 
the loads and speed of the HLH/ATC combining transmission 
input pinion gear. 

This program was conducted at the Timken Company, Canton, 
Ohio, under the technical direction of Robert F. Cornish, 
Application Development Engineer, with Gary Dressier as prin- 
cipal investigator. Liaison with regard to program status 
and test results was maintained by Joseph W. Lenski, Jr., 
senior design engineer of the Boeing Vertol Company. Techni- 
cal direction was provided by Wayne Hudgins, Project Engineer, 
Eustis Directorate, U.S. Army Air Mobility Research and 
Development Laboratory, Fort Eustis, Virginia. 
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INTRODUCTION 

This bearing program was directed toward the development of 
tapered roller bearings for the HLH/ATC aft and  combining 
transmission by testing and evaluating an HM926700-series 
capered roller bearing at the loads and speed of the HLH/ATC 
combining transmission engine input pinion gear.* The bearing 
was chosen for testing based on preliminary design of the com- 
bining transmission input pinion and its severe operating con- 
ditions.  The operating conditions of this test program which 
simulated the HLH/ATC combining transmission input pinion 
were i 

Shaft speed 

Bearing mounting 

Applied load to thrust- 
carrying bearing 
(equivalent to 8310 hp) 

Lubricant 

11,500  rpm 
14,000 rpm 

(normal) 
(autorotation) 

Duplex indirect mounting 

Thrust 4394  lb 
Radial  15,619   lb 

MIL-L-23699 

Lubricant inlet temperature  1950F 

Tests were conducted under these conditions to evaluate and 
establish criteria for the basic taoered roller design param- 
eters for high-speed operation, oil-flow requirements, initial 
end-play settings, and emergency self-lubrication requirements. 
Upon completion of the development testing, a final verifica- 
tion (endurance) test of 150 hours was conducted on the final 
design of the HLH/ATC combining transmission input pinion 
bearing, P/N 301-10676-1. 

To accomplish the previously mentioned objectives, a new high- 
speed test machine was designed and fabricated which closely 
simulated a transmission spiral bevel gear support bearing ar- 
rangement.  In addition, several other test rigs were designed 
and fabricated during this program to provide needed data on 
oil distribution to the cone rib flange and to evaluate vari- 
ous fail-safe, wear-resistant materials. Forty individual 
tests were conducted on 67 HM926700-series and 301-10676-1 
bearings.  The results of these development tests are summar- 
ized in this test report. 

♦Boeing Vertol Report D301-10027-1, Rev. A., Test Plan - HLH/ 
ATC Combining Transmission High Speed Tapered Roller Bearing 
Selection Test. 
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After completion of this program, additional testing of the 
301-10676-1 bearing was authorized by Contract DAAJ01-7 3-A- 
0017 to establish fatigue or endurance data on high-speed 
tapered roller bearings. An additional 891 hours of testing 
was conducted on four bearings. The results of that program 
are reported in Boeing Vertol Report T301-10249-1 and are 
presented in Appendix IX of this report. 
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TECHNICAL APPROACH 

BACKGROUND 

In 1968, the Boeing Company's Vertol Division sponsored a 
tapered roller bearing research program with the Timken Com- 
pany as subcontractor.  The objective of this initial program 
was to develop high-speed tapered roller bearings to support 
spiral bevel gearing in advanced helicopter transmissions and 
drive systems.  To provide a test specimen size for this de- 
velopment program, design studies were conducted using the 
CH-47C engine transmission.  This transmission provided for a 
high-speed and high-load application with a potential growth 
from 2200 horsepower to 4500 horsepower within the same en- 
velope size.  The results of this study indicated that a 6500- 
series (3.50-inch bore) tapered roller bearing could be used 
to support the spiral bevel input pinion and provide improved 
operating characteristics over the present ball/roller bearing 
configuration. 

Prior to this initial program, designers were aware that tap- 
ered roller bearings had the potential to carry heavier radial 
and thrust loads per pound of weight them any other bearing; 
however, the tapered roller bearings were restricted to rela- 
tively low speeds (less than 10,000 fpm cone rib velocity). 
The bearing proposed for the test program was to be operated at 
16,000 rpm and have a cone rib velocity of 20,000 fpm.  Under 
the Boeing Vertol/Timken IR&D program, a total of 134 test 
bearings of the 6500 series ware tested and evaluated.  The 
test program covered modifications to the bearing geometry, 
cage design, and lubrication concepts and provided assurance 
that the bearing could be operated at high speeds and loads. 
The test results also identified the need to optimize various 
design parameters and develop an understanding of the interac- 
tions of these parameters on bearing performance. 

To continue this effort, the Boeing Company's Vertol Division 
was awarded a contract (DAAJ02-71-C-0025) from the Eustis 
Directorate in March of 1971 to design, fabricate, test, and 
evaluate spiral bevel support tapered roller bearings.  The 
program consisted of a generalized analytical investigation 
and an experimental investigation which was based on the in- 
formation attained in the analytical investigation.  The 
experimental investigation was conducted on 53 tapered roller 
bearings of the 6500 series operating at 16,000 rpm with 5500 
pounds of thrust and 7500 pounds of radial load.  The results 
of this contract have been published in USAAMRDL Technical 
Report 73-16.  The knowledge obtained from these various test 
programs indicated that tapered roller bearings could be used 
to support spiral bevel gears on the HLH/ATC aft and combining 
transmissions. 



The preliminary designs of the HLH aft and combining trans- 
missions showed that the tapered roller bearings selected for 
various locations resulted in design parameters that exceeded 
those tested on the 6500-series bearing.  Some of the param- 
eters which were not tested under the previous program are: 

Cone rib velocity 

Contact angle 

Rib stress 

Lubricant 

Cage design 

Oil inlet temperature 

Equivalent loading 

Maximum cone rib load 

HLH Condition 
6500-Series 

Test Condition 

25,000 fpm 
(Autorotation) 

20,000 fpm 

26.2° 15° 

64,147 psi 36,133 psi 

MIL-L-23699 MIL-L-7808 

Z-type race 
guided center- 
line cage 

Pressed-steel 
roller-riding 
cage 

1950F 1650F 

8310 hp 3600 hp 

915 lb 236 lb 

Because of the variations in the design parameters of the 
proposed HLH tapered roller bearings and those previously 
tested (6500-series), the need for additional testing was con- 
sidered necessary to properly evaluate the performance and to 
establish adequate design criteria for the HLH transmission 
high-speed tapered roller bearings. 

Additional testing was conducted on an H^l926700-series tapered 
roller bearing which was originally selected to support the 
HLH combining transmission engine input pinion. This bearing, 
readily available with only minor modification, provided a 
means of evaluating ail the untested parameters mentioned 
earlier. Prior to the completion of the program, tests were 
conducted on the actual transmission bearings, P/N 301-10676, 
which will be used in the HLH/ATC combiner transmission. The 
testing and fabrication of hardware was subcontracted to the 
Timken Company in September of 1971 and was completed in 
August 1973. The results of this effort are documented in 
this report. 



STATEMENT  OF PROBLEMS 

An initial high-speed tapered roller bearing development pro- 
gr tti,   undertaken by Boeing Vertol Company and Timken Ccwipany/ 
indicated the  feasibility of the use of  tapered roller bear- 
ings  in a high-speed helicopter transmission.    This program 
proved that a 3.5-inch bore modified tapered roller bearing 
can be operated at approximately  20,000   fpm cone rib velocity 
(16,000  rpm) .    At the conclusion of this  initial development 
program,   it was determined that additional work was needed  to 
optimize the bearing design and lubricant and lubrication sys- 
tem parameters.    A government contract was obtained to further 
evaluate the performance of tapered roller bearings analyti- 
cally and experimentally.    This work was reported in USAAMRDL 
Technical Report 73-16. 

Although the high-speed and load capability of tapered roller 
bearings has been demonstrated,   additional test work was 
necessary to evaluate larger tapered roller bearings  for ap- 
plication in the HLH drive system.     The  increase in bearing 
sizes,   increase in loads,  higher  speeds,   and the steep-angled, 
HM926700-series bearing were to be evaluated under HLH operat- 
ing conditions. 

The objective of this program was to develop a tapered roller 
bearing for an HLH application by testing and evaluating the 
HM926700-series  tapered roller bearing  at the loads and speed 
of the HLH combining transmission  input pinion gear.     The 
basic tapered roller bearing design parameters,  oil-flow rates, 
initial test machine bearing adjustment,   and emergency self- 
lubrication  feasibility were  to be determined. 

The test program was organized to  investigate and evaluate  the 
following objectives: 

• Design and build a high-speed  tapered roller bearing test 
machine capable of testing 9-inch to 20-inch CD bearings 
at speeds up to 14,000  rpm with a maximum applied radial 
load of  25,000 pounds and a maximum applied thrust load of 
10,000  pounds. 

• Determine  the number and size of radial lubrication oil 
holes required in the HM926700-series bearing. 

• Develop  the HM926700-series  steep-angle   (26° 9')   bearing 
to run at 14,000 rpm. The 14,000-rpm speed is an overspeed 
condition and was changed during the program to 11,500 rpm, 
corresponding to the in-flight cruising speed. 

• Evaluate  selected materials that could be used in a fail- 
safe bearing design.   The evaluation of these materials is   to 
be performed in a Timken lubricant and wear test machine. 

■ 
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• Evaluate two fail-safe bearing designs and determine the 
wear characteristics of the better of these two designs 
when operating in oil. 

• Run a repeat fail-safe test on four previously tested fail- 
safe bearings, 

• Test additional modified HM926700-series bearings to deter- 
mine an optimum bearing setting (end-play adjustment) and 
an optimum oil- flow rate both to the large and small end of 
the bearing. 

• Conduct a tapered roller bearing cone-flange oil distribu- 
tion spin test to evaluate the effect of the angle and 
length of the radial lube holes in the cone which will, 
in turn, provide adequate oil distribution at the cone rib/ 
roller end contact area. 

• Manufacture and test the XC11439-series bearing (Boeing 
7ertol P/N 301-10576) in the high-speed test machine.  This 
bearing represented the actual bearing used in the HLH/ATC 
combining transmission. 

• Test four XC11439-series bearings (Boeing Vertol P/N 301- 
10676) for 150 hours or until damage occurs. 

The results of these tests were used to establish the final 
design and installation requirements to be used in the high- 
speed tapered roller bearings in the HLH/ATC aft and combining 
transmissions« 
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TEST METHOD 

DESCRIPTION OF TEST SPECIMENS 

Modified HM926700-Serie9 Bearing 

Forty-four bearings similar to the HM926700-series bearings 
were fabricated to Timken modified code 436. Table I gives 
some pertinent details of modified code 436. The basic di- 
mensions of the HM926700-series tapered roller bearing are 

Cone bore - 5.00 inches 
Cup outside diameter - 9.00 inches 
Overall width       - 2.125 inches 

These 44 bearings were modified as described below: 

Eleven bearings were tested with cones having seventeen 0.052- 
inch-diameter holes through the large rib undercut to the back- 
face chamfer-type oil manifold plus four holes to lubricate the 
large end flange of the cage (see Figure 1) .  Four of these 
cones had an additional seventeen 0.052-inch-diameter holes 
Electrical Discharge Machined (EDM) between and in the same 
plane as the original 17 holes.  This was necessary to provide 
a better distribution of oil to the cone rib/roller end contact 
area. These bearings were tested with machined Z-type race- 
guided, silver-plated centerline cage. 

Eighteen of the 44 bearings were tested with cones having forty 
0.040-inch-diameter holes through the large rib undercut to 
the backface chamfer oil manifold plus four holes to lubricate 
the large end flange of a Z-type silver-plated cage (see 
Figure 2) . 

Eleven of the 44 bearings were manufactured and tested with a 
modified oil manifold as shown in Figure 3.  These cones have 
forty 0.040-inch-diameter radial lubrication oil holes.  Stand- 
ard stamped-steel, silver-plated cages were used in these 
bearings. 

Four more bearings were manufactured and tested similar to the 
bearing in Figure 3, except the large rib undercut was reduced 
to allow more available contact between the rib face and 
roller spherical end radius.  Standard stamped-steel silver- 
plated cages were used in these bearings. 

The cages were silver-plated, according to Federal Specifica- 
tion QQ-S-365a.  The plating was a type II, grade B with a 
matte finish. The cages were processed with a nickel strike 
and a silver strike before silver-plating to 0.001-inch to 
0.002-inch thickness. 



TABLE  I.     SUMMARY OF  TIMKEN MODIFIED  CODE  436 

Cones 

Material Is standard air melt SAE 4320-steel. 

Roller contact surface hardness 58 to 63 Rockwell "C". 

100-pct standard double-etched to detect grinding burns. 

The cone OD must be tape-honed to 8 mlcroinches maximum. 

Class and code to be etched on the part. 

All cones checked for minimum hardness on either face. 

The cone rib radius must be wrapped around ground; ground 
or polished tangent to the rib face. 

The cone radii, both frontface and backface, must be polished. 
These radii must be blended into the cone bore. 

Cone contacting surfaces must be free from nicks. 

Cups 

Material is standard air melt SAE 4320-steel. 

Rolling contact surface hardness 58 to 63 Rockwell "C". 

100-pct standard double-etched to detect grinding burns. 

The cup ID must be tape-honed to 8 mlcroinches maximum. 

Class and code to be etched on the part. 

All cups checked for minimum hardness on either face. 

The cup radii, both frontface and backface, must be polished, 
These radii must blend into the cup OD. 

Cup contacting surfaces must be free from nicks. 

Rollers 

Material is standard air melt SAE 4320-steel. 

Rolling contact surface hardness 58 to 63 Rockwell "C". 

8 
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TABLE  I.    Continued 

The roller body must be honed to  8 microinches maximum. 

The roller spherical end must be ground to  6 microinches 
maximum  (not honed) . 

Sample  lots to be  standard double etched to  detect grinding 
burns.     Samples  to be  scrapped. 

Roller contacting surfaces must be  free  from nicks. 

Cages»  Machine  Z-Type Race-Guide Centerline 

Material is  SAE  4319-steel. 

The guiding  land at cage ID and OD to be ground to 60 micro- 
inches maximum. 

Special handling  to prevent distortion  or nicking damage to 
the cage. 

Cages/  Standard Stamped Steel 

Material is HRLC-steel deep drawing quality P and 0. 

Cage must not be   shot-blasted or tumbled. 

Cage must be  vapor-blasted or glass-bead peened. 

Special handling  to prevent distortion or nicking damage to 
the cage. 

Assembled Bearing 

Roller spherical  end contact with the  cone  large  rib face 
flat must be   as  near as possible  to  the  midway point of the 
distance from the  roller recess diameter to  the  rib face 
undercut point. 
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Figure 1.     HM926700-Series Bearing Assembly - 17 Oil 
Holes. 
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Fail-Safe Wear-Resistant Materials 

Various wear-resistant materials were evaluated in the Timken 
lubricant and wear test machine. The machine requires test 
cages as shown in Figure 4 and test blocks as shown in Figure 
5 to conduct these tests.  The following material specimens 
were evaluated: 

Sixty-three standard test cups for the Timken lubricant and 
wear test machine. 

Three standard test blocks for the Timken lubricant and wear 
test machine. 

Four test blocks made from DuPont Vespel SP-3 polyimide resin 
with 15-pct MOS2 by weight. 

Two test blocks made from DuPont Vespel SP-21 polyimide resin 
with 15-pct graphite by weight. 

Two test blocks made from DuPont Vespel SP-22 polyimide resin 
with 40-pct graphite by weight. 

Two copper-impregnated Marl in-Rockwell blocks submitted by 
Vertol. 

One test block made from Kawecki Brylco No. 50 alloy beryllium 
copper. 

Two test blocks made from DuPont LP404A alloy* with 20-pct 
nickel binder. 

One test block made from DuPont LP404A alloy with 40-pct 
nickel binder. 

One test block made from DuPont LP404A alloy with 20-pct 4600 
steel binder. 

One test block made from DuPont LP404A alloy with 40-pct 4600 
steel binder. 

One test block made from DuPont LP404A alloy with 20-pct 
binder composed of 80-pct nickel and 20-pct chrome. 

♦Metallurgically, LP alloys are hard grains of an inter- 
metallic compound of a Laves Phase structure dispersed in 
a softer matrix.  Superior anti-friction and anti-wear 
bearing performance is attributed to the combination of 
hard Laves Phase particles and the softer matrix.  All of 
the DuPont LP alloy test blocks were processed by Wheeling- 
Pittsburgh Steel Corporation, Principle Alloys Division, 
Columbus, Ohio. 

13 



l'^"'%t««!»«J«*5l««W?W«»WP«><^^ 
aW>ww«!ff^j.>^^Bii!i<!i-Mi»wiwwritf«^^ - 

® POLISH EDGES NOT 
TO EXCEED 0.010 IN. 
FINISHED LINES MUST 
BE CIRCUMFERENTIAL, 

.512 IN. MIN 
N.B14 IN. NORMI 

.616 IN. MAX 

©POLISH EDGES NOT 
TO EXCEED 0.010 IN. 
FINISHED LINES MUST 
BE CIRCUMFERENTIAL 

© ■»FINISH TO BE 20 MIN-30 MAX 
MICRO-INCH AA ON OD 

Figure 4.  Test Cup for Timken 
Test Machine. 

0.486 IN. 
± .002 IN. 

Lubricant and Wear 

.750 IN. NORM 0.485 IN. t.002 IN. 

ONE TEST BLOCK 
USED FOR 4 TESTS 

THESE 4 SURFACES TO BE 
CHECKED FOR SMOOTHNESS 
TO BE FROM 20 TO 30 
MICRO-INCHES. 

Figure 5. Test Block for Timken Lubricant and Wear 
Test Machine. 
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One test block made from DuPont LP404A alloy with 20-pet 
S-monel binder. 

One test block made from DuPont LP404A alloy with 20-pct 
molybdenum. 

Ten standard lubricant test blocks treated with Borkote* 
diffused to various depths. 

Nine standard test cups treated with Borkote* diffused to 
various depths. 

Eleven standard lubricant test blocks treated with Borkote* 
diffused to various depths. 

Eleven standard test cups treated with Borkote* diffused to 
various depths. 

Fail-Safe Bearing Designs 

Twelve bearings, similar to the HM926700-series bearings, were 
fitted with separable large end cone ribs with DuPont LP404 + 
40-percent, 4600-steel applied to the rib face (see Figure 6). 

Four bearings, similar to the HM926700-series bearings, were 
fitted with separable large end ribs with Borkote applied to 
the rib face (see Figure 7). 

Both of the designs had 36 radial oil lubrication holes, 
0.047 inch in diameter.  Both were tested with silver-plated 
Z-type cages. 

Cone Flange Oil Distribution Specimens 

One simulated cone, similar to Boeing-Vertol's HLH aft trans- 
mission sun gear bearing 301-10443-1 and Timken cone number 
XC11437, was made according to Figure 8. After testing, this 
cone was modified, as shown in Figure 9, and tested again. 

*Borkote is a patented boronizing process that is accom- 
plished by enveloping the part to be treated in a proprie- 
tary material and heat treating at 1300° to 2100oF.  Depth 
of diffusion of the boride layer is a function of time. 
This process was developed by Atlantic Advanced Metals, 
Incorporated, Woburn, Massachusetts. 
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One simulated cone, similar to Boeing-Vertol's HLH combining 
transmission slant shaft pinion bearing 301-10613-1 and Timken 
cone number XC12088, was made according to Figure 10.  After 
testing, this same cone was modified, as shown in Figure 11, 
and tested again. 

A third simulated cone, shown in Figure 12, was tested.  This 
cone is similar to Boeing-Vertol's part number 301-10612-1 
and Timken part number XC12088.  This cone was tested with the 
75-degree hole angle and then with the 1-degree hole angle. 
The 75-degree holes were plugged (see Figure 13) . 

Bearing P/N 301-10676-1 

Seventeen XC11439C- and XC11439D-series bearings (Boeing- 
Vertol P/N 301-10676) were manufactured and tested (see 
Figure 14) .  These bearings were manufactured according to 
Timken PS601, "Timken Control Requirements for Critical 
Bearings for Boeing-Vertol HLH Program." 

All bearings were tested with machined Z-type, race-guided 
centerline cages.  Nine of these cages were silver-plated by 
Canton Plating Company.  The remaining cages were plated by 
Lancaster Electro Plating, Incorporated, Lancaster, Ohio—an 
approved Boeing-Vertol source. 

I 
Lubricating Oil 

Mobil Jet II, which meets Specification MIL-L-23699D, was used 
in all tests. This lubricant appears under the formulation 
RM-1389~A and QPL-23699-6 list dated July 20, 1970,and carries 
the qualification number 01A. 

DESCRIPTION OF TEST MACHINES 

High-Speed Tapered Roller Bearing Test Machine 

Originally, the test bearings were driven by a 100-horsepower 
AC constant-speed motor furnished by Boeing-Vertol. After 
several shakedown runs and the first development test run of 
the new machine, it was decided to move the test machine to 
make use of the Timken 700-horsepower dynamometer drive.  This 
drive system permits running the bearings at various speeds to 
determine what is the speed limit for a particular bearing de- 
sign modification.  This 700-horsepower drive motor, belted to 
a 9:1 speed increaser, is capable of running the test bearings 
at a speed of 14,000 rpm. The test machine is shown in 
Figures 15 and 16. 

Figure 17 is a subassembly section of the test machine housing. 
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Figure 11.     Simulated Cone  (EX12088)   With Test Number 2 
Manifold Modified. 

22 



•mmmmvvimim'-mmmmmmmm*' ■ -- 

TOLiKAHCI      OM      ALL 
AMCiis   is   ro'u' 

| 

MOTt.       THI      |*    HOLf»      *M 
lOCATiO    OM     A     (lOO*'*     ' 6C 
AND   **t re  tc oAiiLtD ron 
PNASi   TWO    of   nsr OMS. 

14  -   040" OIA.    t«UAlLV 
SPACIO    HOLIS.   TMilt 
HOL»S   TO   «I   nMsaio 
ArrtA      PMASC  ONf. 

MAT'L.-    KRUPP    OR     3P    STL. l/tSQ'A       # 

our   OP    UAH 

Figure 12. Simulated Cone   (EX12088)   With Test Number 1 
Manifold. 

23 



 M^wm,>s™'^mmm™-<*mmmmimey&' -■ timuisimsiMm'm'mimim 

TOLIAAMCC     OM     ACL 
AM«l(S    IS    tO'lS- HOTt.       TMf      I*    HOLi»      **/•» 

lOr*T«0     OM      A      IJOO*    ' tC. 
AMD   «At  ro   et  omuio fo*. 
PHASi   TWO    OF   nsr OM«. 

?♦ • 040 D>A I9UAILV 
SPACtD MOLtS TMISf 
HOLIS      /«*£ »1114^10. 

MATL.*    KUWPP    OR    ««    *TL. I KfQ'G 

Owr   OF    KAll 

Figure 13.  Simulated Cone (EX12088) With Test Number 1 
Manifold Modified . 

24 



■ 

h 

SS**"^ 

••-fr-»- 

»»yw^iH 

t    *«OMacg(rafttii«irMU>Mc<><uT.,»wo(MeaMnc«c>M*9Mtw.tMK 
mfssa*, mmmtmun camm n ux <c>aem wtMaKxim*«. 

I.   ow ixituiamii»u m im*mm tmmmaamnm w< iiwtai.il mtw 
HXoaitw»MiMOK»ut«c-vii>T>.a<r>ioii.■••«.«ranustMM IMUUTOMSI 
»fomUHCarat *iunTirur[<TCM»«uwTMu«o«TM(>uf M>a*tc«M(u« 
iWwattttacMt-wnraienniioit.'tiiA.nLuitf -«t Js »»« «.*rdu Srtuxv 
CUMHI.ST.LW«. MC. 

CO WW ««trotio« «IK .' .TMMCt PUT MUM»f B) <up «WO (ONf. 3* MU. ti >I«1V. TlW^D 

MtMMCTlifiUS Ubf CUlT kjO. 'Wi ftiixfA -Mku. tV i»<.A«. Al dcrt^Uj M« OC 

i to« itmuno to THWC« CLUS. 

CHMuaMaus -laeoo 
UWC ENONOLLEKCW - «:W 
WLLfR MAX OVEMLL LfNGTH -1.^)4 
BOWUNGTH -I. MM 
Ml« CrrCCTIVE LENGTH - i MSB 
NOVMXLEn -u 

.IKUftfiA. 

MC«» 
4-MaüAUMJES> 

[T> wmwis 

MS MiC UnKS « MO W« il« MM MOUl» kft-o 

•n - iSAOO .Si 

.Toaimm 

- cMkMatir EifniMf. «CUUM >«LTEB 4IIO «r-'iriec. ii^et >ca veociuaioo i 
-uiuSi#i*tL« (LECISXC •»CJI»< »Lifo 4<te wt r.efc »TTE^teaSS^ICCATOU ■ 
^COUtiMkl CATCM^bliM MIL«0  4110 ►'OC e 6C rss-PCZ V«.if CMTOU 

eaMcirwcaau.cin««naciMncTHMOc$*iM«j.KM-4iik cow «sour 
»«Ll K KlOt OCnTDrO» MM«MW>t*4 wen«» »a. 
•XU» WnCt HMMU IMLL ■ OCCICe 10 4 04 MLUOimM «MLITTICVU. 
MM-MB-MN 
C9€,aifiM>ita.im IMLL ■ Tti#<4(0'oa c#tiwnaN«r itxnmiwi&n mcrr 
UK tMLl M 1'.-*«       «mrn». t*C>7lS   « »t». TMOUCIS ON Mut MMOS 
—*■■ ■ an-an«- 

HfMHiWHa MUOMntWOUMIWHTS PSW ^ ETCHMb 
COMMCIM» -8KvO tJCi*J 
CU»*«r[«ar -IMl>.{n-^rM« 
micatco» -BMicio-wuC» 
«xii« vienc«. CNO - 2 M,:ei - »o»> 
•>CIMnci4M) -2SN': Jr-'Ul.>lt 
Cost mc iiuc - •? Mi<ra- u^iS 
QQWIM>4Ct - .SM.LU-»Cdi 

C«(4M>CI#MaiLK iaOXSIaM>WOOOlM.C[>OI4U.O«t*TDO(TfCT 
*:« *MovfovtwtM mcriuiKMatc Hint n 

Mtt   DBUIl 

■KMNCOWCK 
MLISWO TANSCNT 
rooo 

14 m.L(iisMi.i ■ tua* »r MI tuf iffiaia 10 < 4ua !•*• »■MOHDKI) 

litcvoiKwaa lULnioamncniKi'^ .'i -•iic«iia<iict4?4>L>M> t! -cTT 
b cM.cir<ND»aia«s«ULi w lOotvisnuioKKcTforcK^jofccocricrsiii 

»xoiBwawiHyfNowjuiwioiinivs»,.!» Jtcn<«5'«i«)»»o».M' 'uu'i 

T0««00t 
Lie* ot> 

OWE M« MOWS 
GNOUNO OR PaiSHED 
TANGENT TO M FACE 

4O-04OC*0«.4(«.£l 
EQU4JL(SM>LE0T>4LJ 
UÜDCeLUMD eoK MMMXC 

IT   G>it,CCW •K0IU.lt* 4V4lint 10 W WiN V «IIML( INOVIWlino 
4   »Ulli VHtMCAL f MO CUI'KT Win THC C<M LUHX ■•)1CI Hit HAT ■ TO Tnf 

POMT OP TKC OSWKt ttm TIC 4011.111 KtCtSS OUUt't» TO »Mt «.»«« MOOOIl PÖMT 
J«   COC UUHiLirS $I<M.L « SOU« US'CO WO VIVW. NStCTtO 100* «I«« MM TtST 

Pn4PPI<0VtDV(N0OIISncifC>l«NlSCI IULIII 
B. FaMiCtTiOU       «tOIMOCNTS «Mil COWIT Ta«0tMB00CUW*T OIlO-IOMI-l 

II   PXLtin«TH|a4«tTIIICKf4TfllTHM 9« «CLtMCTH IQISHM L ■ «M i'MCWBDOMU 
|ICH4llO»t"TOC»'tCTG»»<»«-.fl,»lv<ri«»»»"OvfO»|iCOSHC""<'«iSII'«l»t » 
••JLltKS UUtMIMlHfS0MinaC.Mll.L4I SWUIV OOUM f TCN tD > SMOLIPCII ML-tTOHONd 

n oiPtuHitULitioaaiaK pi'iivMMzakt «ITHCOM amtau 
fTCwWM» M USE CCPTM 10 J«H CAfitOU LElCL tfTB ä£lU0 «e« Wfc-CiCATICU »-»S7*. 

rtW« - .917 

o* □D'^BM *<MIL «PPSOVAL-ic mjjMub «un SMLL M paacuKD ne TUE-i Wkiub «iEMbu. 
«JOOC: TX lto«U CflMPMJ* 

CttnBM.OMO 
CCCEEWIUC. 9S0lfa 

MOKEN COmiER - 
•OLISMEO TANGENT 
TO BORE 

MOUSKLISMEO 
TANGENT TO 00. 

-TSCLftB .04 MM. 
FWUTIAO 

4«CM0Lti-04Ot»A 
f qu4u.<« yuco 
SHE it* i 

■r pr pr «r M- ( 

Figure 14.     301-10676 Bearing Assembly. 

\ 25 



■■-\ 

f) 
l*»« W«Cj».JlLrtIfO 
(lit H TW WtUUTOMSI 

110 (ML iift» Ma K tsiv. "»««D 

«»«o>r?ipiet sitEL»«a veticojOM i a to 

••«Ilk CO« «so» 

«nau ounitT itvtL 

NaocM «cut aaMou 

OK vxtect "»nets i« 
CMOS,«' 'UUH 

r'KIWATKTO'Xa 
i IM Mice Mmur ram 
tito not«»tc« WMO r. v 

lUMCKt MiO-iOJOl-l 

IM I. ■ SIM ITMOMB OOUKJ 
ki«■;•>«■"<•« isii '»«I ii 
«■LI ITCM ID t «MO.!t« ML-tieHONt 
MICIMLI 
MO fS Wi^TiCAHOU »-v»S'« 

^ « uwjtf wee « KM wa fnucnea 

»BU 1                                                      1 
C5> I^> r>   i 

SKC WV our s«c «rv an SPEC n mj 
|I«»CTIC liSTOnON     !••»«» 
ETCM NSHCTIOtl            ••piXH 

HHMMM 

VBUW. WSJ£CTION               • 

!     (NOTE ».1             ■  fJ-:t 

SOU» «SI *N0 
jVGUM. WS.CCTION 

(NOTE 19 ) 

• 

^SLMS BEAO Pf EtCi* 
laÄÄ«!:,..««    " • -i.-:« 
i                                        rua.2                                        ] 

1                                 SCU^CES    OF    SUPPLY                                    i 
vEma mi no. aE> O CZ>   ! 
k«-Ofc7*-i -.««sj a 

«IBIV.TICM JJOMS» *ffC«tCl-nft *i U1S) ♦ OCrHICU CO« 
«««".KMMjmUE R«>Ca(xuVCCauJUL/»i 

SOURCE CONTROL DRAWING 

p 1 

1 y»-««.^-» cur               i Co tED v« 

' M< ••Oblu-Z «>«  »*s» rr*, to « 

E S s SS 
SOI -ist:* -1 
 »Ti ' 

ICMlMb «a»* 

"- -«iTT.l 
••*• l_=rj «t 

a 



Preceding page blank 



r 

28 



: s* 

MMH Wm1 I UINJIIJUJIHIIWIII ^I^WT^-WW^»)«^?««?^^»^^1»"*^^^ , m^^.-at 

ft 

vr - i« ■ i/r ta. soc r 
KM»,« MO'O 

MO. *3> X KT' lO. SOC. MO 
c»f tern«,» Mao 

rOINTIM 

HO. »4a x m* to. MD. i 
SCKiM. IMiO'O 

lOAOINO IHOI 

RJtOWL CVW. tUWOBT «TAMO 
cn-iw» 

I«--JO 1 J-l/»" LC. IOC. HO. CAT ' 
•CMW. < MOD 

NATIRMAM Mo. 1 
rUMVCONTNUL V 

■M"-1« Nrr fLAH 
»ITT1MO • i/a- 0.0 

ii/tr-x wx>/ 

</«" -an x i- io. i 
•entw.« rno-o 

TMR 
•TL- 

TMRUiT«U 
ArL-1403» 

MOUtTOMlCIENTIFIC IM 
MO. 3B00.10K S^OOL TVF 
WITH IPHEHICAL BUTTC 

MT*- 11 X 1.1/7 LC. HEX 
CAPiCMEW.aNCQ'O 

MILLIM HMX HVD. CVL. 
3.1/4" OIA., 3"SrH0Ke. POD END 
STYLE NO. 4. 1" WOAK STAOKE 

g-^ 

§_t 

ADJUSTINOICRtW. 
APL-140U 

tm» -11 X I-3M LO. SOC HO. 
c*' tcniw, • nco'D 

-MAtaiN- TWO-WAV CVU  " 
COUPLING, ««KS J-MK It. 1.4" NFT 
JRIQ'OlOILlNLfcTS' 

AfHOOUI^NO. 1UA4SINGI.C WlHC   — 
■•IA)D NOSC WITH M4Lfc ^IM 
riTTtNO NO. MI2-44J •OTH INM. 
3 MO'O 

THMUITCVLINDCniUWONT 
tTANO, irk-IMO» 

. Tonoui AHM 
APL>1«043 

- II X 1-1/3- LO. SOC MO. CAF 
SCRIW, SfMEQ'O 

Jtar oiA * s- LO. soc HO. 
»HOULOiR senew, 3 HCQ'O 

s\\\^\\\\^\^^ 
SUPPORT ST AMD OASE 
PLATS, CPL-14S9S 

MOUNT INO PLATS, 
EPL-14007 

Figure 17. Subassembly Section Drawing of HLH Test 
Machine. 

29 



1/4--1SNPT FLAM TV» TU» 
Firrmo • i/r* o.o. TUSI 

ti/tr* K i/*r x s/sr* O-HINO 

I«*' -w x t- to. toe. HO. CAP 
•CRCW, 4 RIOTO 

HOUSTON SCit NTIftC INDUSTnif.S, 
MO. 360ttlOK S»*OOL TVPt LOAD CELL 
WITH IPHCRtCAL BUTTON. 10.000 L« CAP 

i/r -is x i-*«- Lo. toe HO. 
CAPtCMW.tRiO'O tTATtOMARY NOUtWa 

crt-t«*! 

HfMHYO. CVL. 
A., 7"SrHOKE. OOD END 
0.4, I" WOHK STHOKC 

' LO. tOC HO. 
miw, j NCO-O 

HMMIO COUPLING 
AMtMtLV CI>LI«013 

ORtVIN PLAMOI 

i/a-x t/r'o-RiNo 

-MANMN** T1MVWAV CVL 
COUPLING, ttRIE« ^MK It. 1,4" HPT 
SREQ'D (OIL INLET»' 

AffROOUIPNO. 1M>4 SINGLE MIRI 
•RAIDNOSC WITH MALE PIPE 
PITTING NO. 44I1-44J tOTH INOt. 
IRtO'D 

TMRUf T CVLtNDCR SUPPORT 
•TAND. IPL- 

HOUSINO SUPPORT 
STAND, SPL 14001 

MT*- II X1L0.SOC. I 
CAPSCRfWIORIO'D 

rj^ym^wzy '/^////^TYTTT^A 
MILLER HtSS HVO CVL. 4" OiA, 
2-STROKI,ROOiWOtTVLt NO 4, 
f MrOHK STROKE 

\nr -is i i-vt*- LG. soc. MO. 
CAPtCHEW.SRfO'D 



• B 

Figure  18 shows bearing mounting,   and loading and lubrication 
systems.     The bearing mounting arrangement simulates  the 
mounting arrangement in the HLH combining transmission input 
bevel pinion gear. 

The manifold projecting into the hollow shaft discharges  oil 
through orifices  located axially in  line with the radial  holes 
in the  shaft.   There are two  3/16-inch radial holes  through the 
shaft at each bearing position.     The  dams  located between each 
bearing position along the  length of  the  shafts  assure  an equal 
distribution of lubricating oil  to the four bearings.     The 
cone bore manifold then collects  the  oil and distributes   it to 
the radial holes in the cone to lubricate the cone rib and 
roller ends.    Three  0.060-inch  jets  located at the small  end 
of the bearing, 120 degrees  apart, discharge the oil  underneath 
the cage  to lubricate the  cage  roller body contact and  inner 
and outer race.    The oil-flow rate  supplied to each bearing 
was calibrated by collecting the oil with a graduated measur- 
ing cup,  while being timed with a stop watch.     The oil  flow 
rate was recorded on an Esterline-Angus multipoint strip chart 
recorder.     In addition,  each orifice on the manifold project- 
ing  into the hollow shaft was  sized and calibrated to assure 
an equal amount of oil  supplied  to each bearing. 

The bearing cup 00,  oil inlet,   oil  outlet,   and ambient air 
temperatures were measured by strategically located thermo- 
couples.     Each thermocouple was  calibrated with a precision 
laboratory thermometer.    The temperatures cure read and re- 
corded on the multipoint strip chart recorder. 

The thrust load applied to the bearings was measured by a 
Lockheed Model 3500-10  load cell.     A Miller hydraulic cylinder, 
model number H65B,  was used to apply the  load to the end of the 
opposite drive-end floating housing.    The thrust hydraulic load 
system and the load cell has  a capability of applying  10,000 
pounds thrust load. 

The radial load applied to  the bearings was measured by a 
Lockheed Model  3500-25  load cell.     A Miller hydraulic cylinder 
was used to apply the load to the bottom of the outer floating 
housing.     The radial hydraulic  load system and load cell  has a 
capability of applying 25,000  pounds  radial cylinder  load. 

The pressure gauges used with both radial and thrust load hy- 
draulic systems were calibrated with master pressure gauges. 
The load cells were calibrated in a 120,000-pound-capacity 
Baldwin BTE Universal Testing Machine.    This  calibration was 
done directly with the multipoint strip chart recorder. 

The bearing lubrication system is equipped with a stainless 
steel heat exchanger to control the  inlet oil temperature at a 
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given value and with flow controls capable of maintaining any 
desired flow rate up to 16 pints per minute per bearing (oil 
inlet temperature at 190oP) . 

Timken Lubricant and Wear Test Machine 

Various fail-safe wear-resistant materials were evaluated 
in the Timken Lubricant and Wear Test Machine. This test 
machine is used in ASTM Standard D2782-71, standard method 
for "Measurement of Extreme Pressure Properties of Lubri- 
cating Methods (Timken Method) ." 

Figure 19 shows the overall view of the test machine; 
Figure 20 shows a section drawing of the test machine.  For 
these tests, a torque meter was installed between the drive 
motor and test spindle. 

The test blocks and cups were weighed before testing. The 
lubricant in the machine was preheated to 100 P, and a heat ex- 
changer was used to maintain this temperature throughout the 
test.  The lubricating oil was MIL-L-23699, and the test 
specimens were flood-lubricated during the oil-on phase of 
the tests.  The test cup was rotated against the block at 1165 
rpm (591.1 feet per minute rubbing velocity). Figures 4 
and 5 show the physical dimensions of the sample cup and test 
blocks. 

Qualitative Comparison of Various Wear-Resistant Materials 

A 1-pound weight was added to the lever arm every 10 minutes 
up to a total of 10 pounds,which gives a test load of 116.6 
pounds and an initial stress of 36,000 psi for steel cups and 
blocks.  The test was run an additional 2\  hours after full 
load was applied. At the end of the test, the test cups and 
blocks were reweighed, and the scar width on the test block was 
measured and tabulated. 

Qualitative Analysis of Material's Ability to Survive 
Without Lubrication 

A 1-pound weight was added to the lever arm every minute up 
to a total of 10 pounds, which gives a test load of 116.6 
pounds and an initial stress of 36,000 psi for steel cups and 
blocks.  After the load was fully applied, the test was run an 
additional 10 minutes. Then the lubricating oil was shut off 
and the residual oil was blown away with an air hose.  The 
test is timed from when the residual oil is blown away until 
the cup speed is slowed by friction to 1000 rpm (507.4 feet 
per minute) . The test cups and blocks were reweighed, and the 
scar width on the block was measured. 

■' 
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igure 19. Timken Lubricant and Wear Test Machine. 
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Cone Flange Oil Distribution Spin Test Machine 

The smaller XC11437 simulated cone (Vertol P/N 301-10612) was 
larqer c ° m P a 7 " o w n G ^ ' high-speed test machine. The 
-Larger XC12088 simulated cone (Vertol P/N 301-10443-1) was 
tested on a varidrive electric motor (see Figure 21) The 

0 i ! ?fS MIL-L"23699, heated to and maintained at 
165 F The oil-flow rate to the XC11437 simulated cone was 
6 pints per minute; strobe light still photographs were 
taken at this oil-flow rate at 3000, 6000, and 8000 rpn. The 
oil-flow rate to the XC12088 simulated cone was 3 pints per 
m i" u^f' a n d s t r o b e light still photographs were taken of this 
!i P ^ a t 1 0 0 0 •' 2 0 0 0 ' a n d 3 0 0 0 ^ T h e conditions simu 
lated the operating conditions in the HLH/ATC drive system. 

SIMULATED CONE 
P / N 3 0 1 - 1 0 4 4 3 - 1 
FOR O I L HOLE 
LENGTH 

SIMULATED CONE 
P / N 3 0 1 - 1 0 4 4 3 -
FOR O I L BOLE 
INCLINATION TEST 

F i g u r e 2 1 . O i l D i s t r i b u t i o n S p i n T e s t M a c h i n e 

3 6 



l®W>^^*«easiWw«s<«m^ -;■. • ■ ■ 
,,.; «ry^Vfll* 

TEST DATA AND RESULTS 

DETERMINATION OF NUMBER AND SIZE OF RADIAL LUBRICATION 
HOLES IN HM926700-SERIES BEARING CONE" 

A standard HM926700-serles bearing cone was modified as shown 
in Figure 22.  Seventeen 0.052-inch-diameter holes were 
drilled from the backface oil manifold to the rib undercut. 
Figures 23 through 25 eure strobe light still photographs taken 
at 5000, 10,000 and 14,000 rpm with 6 pints per minute oil 
flow. As can be seen on the photographs, it appears that all 
the radial lubrication holes receive an equal amount of lubri- 
cating oil.  This could also be seen by visually observing the 
oil flow with a strobe tachometer. 

DEVELOPMENT TESTS - MODIFIED HM926700-SERIES BEARING 

The pretest inspections of all the modified HM926700-series 
bearings are included in Appendix II.  This tabulation includes 
the cone rib face and race OD surface finishes, roller Spher- 
ical End Radius (SER) and roller body surface finishes, the 
cone race to rib OD angle, and the roller SER in percent of 
apex length. 

Table II lists all modified HM926700-series bearings tested in 
the HLH high-speed test machine, including the fail-safe de- 
sign test bearings.  The table shows the test number, type of 
test performed, bearing number according to position in the 
machine, bearing condition after test, and maximum successful 
speed and time at that speed. 

Figures 26 through 29 show typical new bearings before being 
tested. Appendix III includes photographs of all bearings 
after test. 

Three shakedown runs were made with standard HM926700-series 
bearings modified for high speed to check out the operation of 
the new HLH high-speed bearing test machine. During the shake- 
down runs, two points became obvious that needed to be changed 
to continue to develop the HM926700-series bearings: 

• The 17 radial oil lubrication holes were not adequate for 
the rapid acceleration and for high top-speed combination. 

• Bearing development could not be effectively accomplished 
with the constant speed lOO-horsepower motor with an accel- 
eration rate of 0 to 14,000 rpm in 9 seconds. 

A new pulley was purchased to limit the speed to 9300 rpm for 
the third shakedown run and test number 1.  The acceleration 
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0.052-IN.-DIA DRILL THROUGH 
17 EQUALLY SPACED HOLES 
(ELECTRICAL DISCHARGE MACHINED) 

0.138 IN. 

21° G 

0.129 IN.-*" 

0.500 IN. 

Figure 22. Standard HM926700-Series Bearing Cone 
Modified for Oil Distribution Spin Test. 
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NOTES: OIL FLOW RATE - 6 PINTS PER MIN 
17 0.052-INCH RADIAL OIL HOLES 

Figure 23. HM926700-Series Bearing Oil Distribution Study 
at 5000 rpm. 
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NOTES: OIL FLOW RATE - 6 PINTS PER MIN 
17 0.052-INCH RADIAL OIL HOLES 

Figure 24. HM926700-Series Bearing Oil Distribution Study 
at 10,000 rpm. 
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NOTES: OIL FLOW RATE - 6 PINTS PER MIN 
17 0.052-INCH RADIAL OIL HOLES 

Figure 25. HM926~00-Series Bearing Oil Distribution Study 
at 14,000 rpm. 
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NOTE: THE 4 HOLES TO THE LARGE END RIB OD ARE PLUGGED 

Figure 26. Typical New, Modified HM926700-Series Bearing With 
17 Radial Holes to the Rib Face - Standard Stamped-
Steel Silver-Plated Cage. 

NOTE: THE 4 HOLES TO THE LARGE END RIB OD ARE PLUGGED. 

Figure 27. Typical New, Modified HM926700-Series Bearing With 
17 Radial Lubrication Holes to the Rib Face -
Standard Stamped-Steel Silver-Plated Cage. 
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NOTE: THE 4 HOLES ARE OPEN TO LUBRICATE THE END 
FLANGE OF THE Z-TYPE SILVER-PLATED CAGE 

Figure 28. Typical New, Modified HM926700-Series Bearing With 
40 Radial Lubricating Holes to the Rib Face. 

NOTE: THE 4 HOLES TO THE LARGE END RIB OD ARE PLUGGED 

Figure 29. Typical New, Modified HM926700-Series Bearing With 
40 Radial Lubrication Holes to the Rib Face -
Standard Stamped-Steel Silver-Plated Cage. 
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rate was 0 to 9300 rpm in less than 9 seconds. Test number 1 
was run with one bearing with 17 radial lubrication oil holes 
and three bearings with 34 holes.  This test ran for 1.5 
minutes at 9300 rpm before the bearing with 17 holes was dam- 
aged (roller end/cone rib scuffing). After this test, the 
test machine was moved to make use of the variable-speed Timken 
700-horsepower dynamometer drive. 

Tests 2 and 3 were run with bearings having 17 radial holes to 
lubricate the cone rib/roller end contact area. Test number 
2 was accelerated from 4000 to 12,000 rpm in 2000 rpm incre- 
ments. The test bearing temperatures were allowed to level 
off at each speed, which took approximately 1-1/2 to 2 hours. 
The bearings were then accelerated to 14,000 rpm and operated 
at that speed for 45 minutes until the lubrication pump shut 
down, causing three of the bearings to scuff at the cone 
rib/roller end contact. 

Test 3 ran a total of 12 hours at 12,000 rpm. The test bear- 
ings were then accelerated to 14,000 rpm and ran for 3 minutes 
before cone rib/roller end scuffing damage occurred. 

Tests 4 and 5 ran at 14,000 rpm for a total of 36 and 27-1/2 
hours, respectively. Test 4 had bearings with 34 radial 
lubrication holes (17 holes electrical discharge machined be- 
tween the original 17 holes) . New bearing cones were made for 
Test 5 with forty 0.040-inch-diameter radial lubrication oil 
holes. 

Figure 30 shows typical bearing cup OD temperatures versus 
shaft speed. The data for this graph was taken from test 4. 
Table XI in Appendix IV shows bearing cup OD temperatures for 
the remaining tests in which temperatures were allowed to 
level off at various speeds. 

Tests 4 and 5 were subjected to rapid accelerations at con- 
venient intervals during the running of these bearings.  The 
acceleration run consisted of 

• Accelerating from 0 to 10,000 rpm in less than 30 seconds 
and running for 5 minutes under 10-percent load (applied 
cylinder load of 1230 pounds radial and 440 pounds thrust). 

• Accelerating from 10,000 to 11,500 rpm in 5 seconds, 
increasing load to 100 percent (12,300 pounds radial and 
4394 pounds thrust applied cylinder load) and letting it 
run for 5 minutes. 
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75% R & T 
LOAD AT 
14,000 RPM 

Figure  30. 

8 10 

SHAFT SPEED RPM xlO3 

HM926700-Series Bearing Cup OD Temp- 
erature Versus RPM. 
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• Reducing the load to 75 percent of the applied radial and 
thrust loads and accelerating from 11,500 to 14,000 rpm in 
5 seconds. The acceleration runs were started with both 
room temperature and preheated lubricating oil, and also 
with both oil pumps on first. The drive system and simul- 
taneous oil pump-drive system then starts. 

One of the bearings from test 4 was damaged (cone rib/roller 
end scuffing) during the third acceleration run. Test 5 was 
also subjected to three acceleration runs; however, no cone 
rib/roller end scuffing occurred. 

After-test inspections of tests 4 and 5 showed that three of 
the cones in test number 4 had spalls (Figure 31) and one of 
the cones of test 5 had a small spall. The three cones from 
test 4 were given to the Timken Company Metallurgical Depart- 
ment for investigation. There it was concluded that these 
spalls would not have occurred as early in the bearing life 
if metallurgical and geometry changes had not taken place 
because of operating temperatures in excess of 300oF. The 
bearing cup OD temperatures ranged from 325° to 3350F and, in 
all probability, the discolored portion of the cone race was 
near or above 360oF. Also, these spalls might not have 
occurred as early if CEVM steel had been used instead of the 
standard air-melt steel used in the test bearings. Visual 
examination showed the spalls to be of nonmetallic inclusion 
origin. 

Blue checks before these bearings were tested showed that the 
cone races were flat. Traces taken on the Clevite 1200 Surf- 
analyzer System (Figure 32) after test showed the cone race to 
be from 0.00025-inch to 0.00035-inch crowned toward the large 
end (discolored area). Both x-ray analysis and metallographic 
examination showed the discolored area to be tempered, result- 
ing in loss of hardness and an uneven transformation of the 
retained austenite over the cone race.  The uneven transforma- 
tion of the retained austenite due to uneven temperatures 
along the cone race is believed to have caused the crown to 
develop in this manner. The uneven temperature along the cone 
race can be explained by the longer heat flow path, due to the 
heavier section at the large end of the cone and the cooler 
oil striking the small end of the cone. 

Retained austenite was examined by x-ray analysis in both the 
clear and discolored areas on one of the bearing cones. The 
results are: 

Depth From Raceway 

Surface 
0.001 inch 
0.004 inch 
0.008 inch 

Retained Austenite 
Discolored Area Clear Area 

21 percent 
32 percent 
32.6 percent 
34.2 percent 
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9.5 percent 
7.7 percent 
8.5 percent 

12.7 percent 



BEARING S/N 60-18 

BEARING S/N PL-6 

BEARING S/N PL-7 

NOTE: SMALL SPALLS APPEARED AFTER 36 HOURS AT 14,000 rpm 
UNDER FULL RADIAL AND THRUST LOAD 

Figure 31. HM926700-Series Bearing Cones From Test Number 
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Five mlcrohardness measurements between the surface and a 
depth of 0.038 inch below the surface were taken near the 
middle of the discolored area. They were 55.5 Rockwell "C", 
55.0 Rockwell "C", 54.5 Rockwell "C", 56.0 Rockwell "C", and 
55.0 Rockwell "C" with Knoop converted to Rockwell "C". 

In the clear area, two mlcrohardness measurements were taken 
near the surface and one measurement at 0.015 inch below the 
surface. They were 60.5, 60.0, and 58.0 Rockwell "C", respec- 
tively (Knoop converted to Rockwell "C") . 

The spalls are located on the highest point of crown on each 
cone. The localized overheating resulting in the crown ap- 
parently was responsible for the early appearance of these 
spalls. 

Boeing-Vertol and Timken decided that testing these bearings 
at 11,500 rpm, helicopter flight speed, instead of the 
14,000-rpm overspeed condition will lower the bearing operat- 
ing temperatures below 300oF. This would substantially reduce 
the chance of the bearing cones' becoming tempered with result- 
ing loss of hardness and transformation of retained austenite 
which had caused the premature spalling experienced in tests 
4 and 5. 

EVALUATION OF FAIL-SAFE WEAR-RESISTANT BEARING MATERIALS 

The summary of results. Tables III and IV, lists all observed 
test work for this phase of the test program.  Table III lists 
all materials tested in the longer 2Jj-hour oil-on-wear tests. 
Table IV lists all materials tested in the shorter 10-minute 
oil-on/oil-off tests. 

Figure 33 compares running time after oil-off for all of the 
tested materials. Figure 34 shows typical wear scars on the 
materials. Timken standard steel test cups and blocks score 
immediately after the oil is shut off. 

The Borkote materials show the least amount of wear during 
the oil-off tests.  Borkote on one part performs as well as 
Borkote on both parts.  The LP alloys, however, as a group 
show considerably more life than Borkote materials in the oil- 
off tests. The LP alloys gave the best overall life with a 
reasonable amount of wear.  The LPA 404 alloy with 40-percent 
4600-steel binder was the best of the LP alloys tested. 

The DuPont Vespel and Marl in-Rockwell materials gave a good 
life in oil-off testing,but had a considerable amount of wear. 

Beryllium copper material had a good life with fair wear. 
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Figure 34. Typical Wear Scars on Fail-Safe Wear-Resistant 
Material Blocks. 
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EVALUATION OF FAIL-SAFE BEARING DESIGNS 

DuPont LPA 404 alloy plus 40-percent 4600 steel and Borkote 
were selected as materials to evaluate in a fail-safe bearing 
design, based on the results from section, EVALUATION OF FAIL- 
SAFE WEAR-RESISTANT MATERIALS. 

All fail-safe bearing test cones had 36 radial lubrication oil 
holes plus 4 holes to lubricate the large end guiding flange 
of the Z-type, silver-plated cage. 

The first fail-safe bearing test was run with cones having 
LPA 404 plus 40-percent 4600-steel binder applied to the 
separable ribs.  This test was stopped after running at 9500 
rpm for 2 hours (with oil lubrication) due to a noise coming 
from the test housing. After-test inspection showed that a 
piece of the LPA 404 broke the separable rib (see Figure 35) . 
The hot consolidated LPA 404 rib rings on these bearings were 
high-temperature brazed to the separable rib. 

The second fail-safe test was run with bearing cones having 
Borkote applied to the separable ribs.  This test ran for 2 
hours at 9300 rpm with oil lubrication.  Bearing damage occur- 
red as the speed increased from 9300 to 11,500 rpm.  The 
separable ribs of two of the bearings had radial cracks which 
caused the test to stop. One of the separable ribs had two 
cracks (Figure 36)—one crack occurring at one of the four pin 
holes at the backface and the other crack occurring at one of 
the four radial oil holes at the rib OD.  The pins at the back- 
face keep the separable rib from rotating on the cone, while 
oil from the radial oil holes on the rib OD lubricates the area 
where the cage ID guides on the rib OD. 

The third fail-safe test was run with DuPont LPA 404 plus 40- 
percent SAE 4600-steel binder hot consolidated directly to the 
separable rib. This test ran successfully for 24 hours with 
oil lubrication.  At the end of the 24 hours, the bearing end- 
play was checked.  The end-play of the bearings in the drive 
end housing changed from 0.0025-inch initial to 0.003-inch; 
and the bearings in the opposite drive end housing changed 
from 0.0015-inch initial to 0.003 inch.  These bearings were 
then reinstalled in the test machine and tested for 2 hours at 
11,500 rpm with oil lubrication.  After the 2-hour period, the 
oil was shut off and the bearings ran for 8.5 seconds before 
cone rib/roller end scuffing occurred on one of the bearings. 

The fourth fail-safe test was run with bearings identical to 
the third test.  This test was to be an extended 150-hour test 
with lubricating oil and measuring end-play at specified in- 
tervals.  The end-play at the end of 24 hours did not change 
from the initial end-play of 0.0025-inch in the drive end 
housing and 0.005-inch in the opposite drive end housing.  Cone 
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Figure 35. Failure of High-Temperature Brazed Bonding. 

Figure 36. Cracking of Borkote Rib Flange. 
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rib/roller end scuffing damage occurred at 50.5 hours, running 
at 11,500 rpm with oil lubrication. 

A tabulation in Appendix V shows level-off bearing tempera- 
tures at various speeds, the cylinder radial and thrust loads 
applied to the housings, and the bearing end-play adjustments 
for the fail-safe bearing tests. 

A repeat fail-safe test was run with three bearings that were 
not damaged from the third fail-safe test and one undamaged 
bearing from the fourth fail-safe test.  In this repeat test, 
the four bearings were tested with standard stamped-steel, 
silver-plated cages.  This test was run at 11,500 rpm for 
3 hours with oil lubrication to allow temperatures to level 
off. At the end of the 3-hour period, the oil was shut off 
and the test ran for 10 seconds before cone rib/roller end 
scuffing occurred on one of the bearings. 

End-Play Variation Tests - Modified HM926700-Series Bearing 

These tests were conducted with bearing cones having 40 radial 
lubrication oil holes from the cone manifold to the large end 
rib undercut. 

The first additional HM926700-series bearing test (test number 
11) was to be a bearing adjustment test. Bearing damage 
occurred to two of the bearings at 9000 rpm. The initial end- 
play adjustment was 0.0015-inch in the drive end housing and 
0.003-inch in the opposite drive end housing. The bearing 
damage in this test could not be explained. 

Test number 12 was set up with an initial end-play adjustment 
of 0.0011-inch drive end and 0.002-inch opposite drive end. 
This test ran for several hours at 11,500 rpm to allow temper- 
atures to stabilize.  This test was then reassembled with the 
end-play increased to 0.003-inch drive end and 0.0035-inch 
opposite drive end. After several hours running, the tempera- 
tures leveled off to the same temperatures of the original 
end-play adjustments. These bearings were again reassembled 
with the end-play reduced to 0.0001-inch drive end and 0.0001- 
inch opposite drive end. With this end-play adjustment, 
bearing damage occurred while accelerating to 11,500 rpm. 

Test number 13 was run with two different end-play adjustments. 
Bearing damage occurred while accelerating from 8000 to 11,500 
rpm with an end play adjustment of 0.0042 inch (same on both 
drive end and opposite drive end housings).  Figure 37 shows 
a plot of bearing cup temperatures versus bearing end-play 
setting for several tests conducted during this phase. 

Test numbers 14 and 15 had premature bearing damage due to 
test assembly problems.  In test number 14, a Z-type cage was 
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unknowingly bent on assembly, causing early bearing damage. 
In test number 15, the drive spindle was assembled to the 
test shaft in such a way that it would not permit the lubri- 
cating oil from the center of the shaft to reach the drive 
end bearing. 

In test numbers 16 through 33, attempts were made to reach 
11,500 rpm.  The cause for the bearing damage in these tests 
could not be determined at that time.  Periodically during 
these tests, Timken-owned bearings were run successfully in 
the machine to determine if the unexplained bearing damage 
was a result of a machine malfunction.  Figure 38 shows the 
scuffing damage that occurred during test number 7. 

Several bearing design changes were made to find cause for 
unexplained scuffing damage and eliminate this bearing damage. 
Although the changes which follow did not eliminate the bear- 
ing damage, they were certainly logical steps to improve 
bearing performance. 

The oil manifold backface chamfer of the cone was changed 
(Figure 39) to eliminate the possibility of the oil in the 
manifold leaking between the cone backftice and shaft shoulder. 
The large end cone rib undercut was reduced to allow for more 
available contact area between the roller spherical end radius 
and rib face flat. Two of the bearings were run in a press 
for 7 and 8 minutes under 51,800 and 40,000 pounds thrust load, 
respectively,to determine if the running-in had an effect on 
bearing performance.  The roller spherical end radius was in- 
creased from 80 percent of the apex length to 85 percent in 
order to reduce the unit stress on the rib face. 

I 
A correlation study made on Z-type cage  flange guidance clear- 
ance.  Appendix VI,  did not show any correlation with the 
roller end/cone  rib  scuffing damage. 

After the  testing of the modified HM926700-series bearings was 
completed and the decision was made  to  test the  XC11439  series 
bearing,   it was  discovered that there was  a significant dif- 
ference in the  level of retained austenite  from bearing lot to 
lot.    The higher the level of retained  austenite,   the less  the 
resistance to scuffing damage between the  roller end and cone 
rib at the higher stress  levels in the   steep-angle,  HM926700- 
series bearing. 

Cone Flange Oil Distribution Spin Tests 

Figures  8  through 13 are drawings of  the  simulated cones 
tested,and Appendix VIII contains high-speed strobe light 
photographs,   showing the oil distribution  at the cone rib  in- 
terface for each test.    A brief description of  the test param- 
eter is given on each photograph.     The photographs  are grouped 
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OLD MANIFOLD DESIGN 

Spillover of Trapped Oil 
Here Used to Provide Equal 
Distribution to All Holes 
to Cone Rib 

NEW MANIFOLD DESIGN 

This- Design Prevents Leakage 
Between Cone Backface and 
Cone Backing 

Figure 39. Old and New Type Cone Bore Manifold Design 
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according to simulated cone part number,   style of oil manifold, 
length of oil hole and angle of  oil hole  inclination. 

Testing of  301-10676  Bearings 

Table V is a summary of results  of the  XCll439-series   (Boeing 
Vertol P/N 301-10676)   bearing tests.     The table  lists  the test 
number,  bearing cone,  cup and cage serial number  according to 
position in the machine,   total hours each component ran  at 
11,500 rpm, ai.d the bearing end-play adjustments. 

The HLH high-speed tapered roller bearing test machine was 
modified to test the XC11439-series bearing   (Vertol P/N  301- 
10676).     While a new test  shaft was being made,   the HM926700- 
series bearing  test shaft was modified on one end  to test two 
XC11439 with two HM926700  bearings.    The  first group of  XC11439 
bearing cones were ground to 0.030-inch on the  large end rib 
OD.    This is the portion of the cone where the machine  Z-type 
cage guides on the cone.     For this test the large end cage ID 
riding  land was spray welded with Metcology No.   2  to a  thickness 
of  0.015  inch on a  side  to make  up for  the cone  rib being ground 
too small.    This test ran  for 24-1/2 hours at 11,500 rpm.    All 
bearings were satisfactory after the test. 

The next test was run with the  new test  shaft with all  four 
XC11439-series bearings.     Two of  the bearings were  tested with 
spray welded cages and two bearings were tested with cones 
with 0.015-inch-per-side chrome plating applied  to the rib OD. 
This test was  run  for  1  hour at  11,500   rpm.     All  bearings were 
satisfactory after the test. 

The third test was run with bearings with the  large end  cone 
rib OD ground to size.     One of  the bearings  in  this  test was 
damaged upon reaching  11,500  rpm.    This  damage was  attributed 
to  insufficient bearing end-play  setting.     Settings of  0.0025- 
inch end-play  in both the  drive  end and opposite  drive  end 
housings were  used.     The   first  two tests were  run with   0.005- 
inch and 0.0035-inch end-play,   respectively.     It was decided 
to  run  the rest of  the  tests with at  least  0.00 35-inch  end- 
play. 

The  fourth test was  set  up with  bearing  adjustments  increased 
to L.0035-inch  in both the DE  and ODE  housings.     These  bear- 
ings  ran  for 24 hours at  11,500   rpm and were  satisfactory 
after the test. 

The  fifth test was run with four new bearings.     Only the  cup 
tested with one  of  the bearings  had been  run before.     One of 
the bearings was damaged at 11,500 rpm and two more had very 
slight cone rib/roller end scuffing.     The  cause   for this  bear- 
ing damage was due  to  the   silver plating  separating  from the 
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Z-type cage in large sheets. These cages were plated locally 
at Canton Plating Company, Canton, Ohio. 

The sixth test ran for 45 minutes at 11,500 rpm before the 
lubricating oil pump shut down and caused cone rib/roller end 
damage on all four bearings, two of them having very slight 
scuffing damage. Just prior to this test, all of the copper 
oil lubrication plumbing lines were replaced with steel tubing. 
The undersized steel tubing restricted the oil flow. To over- 
come this restriction, the pump pressure was increased to pro- 
duce the required oil flow. This caused the pump motor to 
overload and shut down; therefore, larger steel tubing was 
installed before the next test. 

Test number : was a 150-hour test.  Three of the bearings had 
previously run 24 hours.  The fourth bearing had run 3/4 hour 
prior to this test; however, the rib face and roller spherical 
end radii were reground to clean up the very slight scuffing 
damage from test number 6. Listed in Table VI is the visual 
observation of bearing components made after the 150-hour test. 

The bearings used in test number 7 were tested for an addi- 
tional 891 hours as part of an added contract (DAAJ01-73-A- 
0017) to evaluate endurance running on high-speed tapered 
roller bearings. The results of this program are included in 
Appendix IX of this report. 

Figures 40 through 43 are rectilinear traces of the four cone 
races used in this test. The profiles of the cone races before 
test were from flat to a very slight crown. After the 150-hour 
test, traces were taken again. The cone races were found to be 
off taper and crowned toward the large end; that is, the uneven 
transformation of retained austenite due to uneven temperatures 
along the cone race caused the crown to develop in this manner. 
This phenomenon was discussed in a previous section. 

At the conclusion of the test, the oil inlet temperature was 
lowered to 1750F and 1650F with oil flow rates of 8 pints per 
minute to the large end and 4 pints per minute to the small 
end, and the bearing continued to run until the cup tempera- 
tures leveled off. Table VII shows the level-off cup OD, oil 
outlet, and housing temperatures at various oil inlet tempera- 
tures.  Appendix VII presents XC11349-series bearings after 
test. 

Analysis of HLH/ATC Transmission Bearings 

Until recently, the analysis of tapered roller bearings has 
been restricted to catalog rating methods or, at best, low- 
speed computer analysis techniques. In 1971, as part of a 
USAAMRDL contract, Boeing Vertol subcontracted Mr. A. B. Jones, 
Bearing Consultant, to develop an analysis for high-speed 
tapered roller bearings.  This analysis provided an exact 
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TABLE VII.   REDUCED OIL INT.ET TEMPERATURE 
AND OIL FLOW RATE TEST 

Oil 
Flow Rate 
(Pts/Min) Inlet OU 

Temp   F 

Level Off Temperature 
Ambient 
Temp   F 

BE/DEC/ODEC/ODE 
Cup OD     Oil Outlet     Housing Large End Small End 

10                   6                    190 299 265 265 86 
294 265 260 86 
309 300 275 86 
296 300 265 86 

8                    4                     190 320 277 275 85 
315 277 275 85 
334 318 300 85 
316 318 275 85 

8                    4                     175 304 261 255 85 
302 261 260 85 
318 303 265 85 
302 303 270 85 

8                    4                     165 300 255 250 86 
298 255 255 86 
312 297 265 86 
297 297 255 86 
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solution for internal loading, stress, life, deflections, cone 
rib loading, EHD oil film thickness and traction, flange slid- 
ing and spinning velocity, and the high-speed loading inter- 
actions between duplex-mounted bearings.  Details of this 
analysis are included in USAAMRDL Technical Report 73-16.  This 
work has been continued by Mr. Jones to develop a computer pro- 
gram, using these analysis techniques which can be used to ana- 
lyze any configuration high-speed tapered roller bearing.  This 
computer program has been obtained by Boeing Vertol and is des- 
ignated as Computer Program S73. 

Program S73 did not become fully operational until late in 
this test program and, therefore, was not used in the initial 
selection of the bearing for the HLH/ATC drive system or test 
program.  The basic design parameters at the various high- 
speed tapered roller bearings used in both the test program 
and the HLH/ATC drive system are shown in Table VIII. This 
table provides a comparison between the bearings tested and 
those proposed for the HLH/ATC. This data, including gear 
tooth loading for each bevel gear supported by tapered roller 
bearings, was used to analyze the bearings.  The results of 
the computer analysis of all bearings are summarized in Table 
IX. This table itemizes some of the critical operating param- 
eters of the transmission and test bearings. All bearings are 
within the limits te ted on the HM926700-series bearing and 
only one bearing, P/N 301-10420, has exceeded the test condi- 
tions of the 301-10676 test bearings. 

A review of the test data from this program and previous test 
programs indicates that cone rib stress may be a critical 
factor that influences the probability of rib scuffing of 
high-speed tapered roller bearings.  Bearings which have been 

!       operated at 20,000 fpm and rib stresses of 36,000 psi or less 
have experienced very few rib scuffing failures; however, 
bearings (HM926700) operating at the same speed, but with rib 
stress of approximatley 66,000 psi, have encountered severe 
rib scuffing.  Although there appear to be other factors in 
addition to stress which determine that rib scuffing occurs 
at high speed, these other factors have not been fully estab- 
lished in this program.  Rib stress will, therefore, be used 
as a guide to establish the potential risk of rib scuffing. 
The one bearing that appears to have a high risk of scuffing 
due to high stress is bearing P/N 301-10420. This bearing 
operates at only 17,000 fpm,which should help to reduce the 
risk of scuffing. 

Since rib stress is a function of bearing loading and contact 
angle, the 301-10420 bearing could be redesigned or replaced 
with a lower contact angle bearing in order to reduce the rib 
scuffing if this becomes a serious problem in the testing of 
the HLH/ATC aft transmission.  Present plans are to test the 
301-10420 bearings in the HLH/ATC aft transmission to determine 
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If the operating speed and rib stress of this bearing are 
critical for cone rib scuffing.    If scuffing occurs, the bear- 
ing can be easily replaced with an H432600-Beries tapered 
roller bearing   (14° contact angle)  which will reduce the rib 
stress to  less  than  32,000 psi with only  a slight reduction  in 
fatigue life. 
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CONCLUSIONS 

The data derived from this program show that modified high- 
speed, steep-angle, HM926700-series bearings and shallow-angle, 
XC11439-series bearings can be successfully run at 14,000 rpm 
and 11,500 rpm,respectively, under a wide range of loading 
and can also withstand relatively high acceleration rates. 
Certain design, adjustment, and metallurgical consicerations 
were found to be necessary and are covered in the detailed 
conclusions which follow. 

Current technology and materials have not been developed to 
a point where it is possible to make a fail-safe (30-minute 
operation without cil) bearing for operation at these speeds 
(20,000 fpm tangential cone rib velocity). Length of oper- 
ation without oil varies exponentially with speed dropping 
off sharply from 30 minutes above 6000 fpm cone rib velocity. 

An alternate source of lubricating oil for fail-safe operation 
is the best approach to this problem. Previous work has shown 
that the tapered roller bearing can operate with small quanti- 
ties of oil, thus making an alternate source practical. 

DESIGN AND Bt .rJ) A HIGH-SPEED TAPERED ROLLER BEARING 
TEST MACHfNE 

A high-speed tapered roller bearing test machine was designed 
and built for this program to specifically test the HM926700- 
series bearing (9-inch OD) .  In the latter portion of the test 
program, the machine was modified to test the 8-5/8-inch-OD 
XC11439-series bearing (Boeing Vertol P/N 301-10676). This 
machine is also capable of testing up to a 20-inch-OD bearing 
with the proper modifications.  Some minor machine short- 
comings were discovered and corrected during testing. Basi- 
cally, this machine performed satisfactorily throughout this 
test program. 

DETERMINATION OF NUMBER AND SIZE OF RADIAL LUBRICATION 
OIL HOLES IN THE HM926700-SERIES BEARING 

Forty 0.040-inch-diameter radial lubrication oil holes were 
needed to adequately lubricate the roller end/cone rib contact, 
The size of the holes could be substantially smaller them 
0.040-inch diameter; however, the size was set at a minimum of 
0.040-inch to prevent foreign matter from clogging the holes 
and restricting oil flow. 

If: 
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DEVELOPMENT TESTS - MODIFIED HM926700-SERIES HEARINGS 

The modified HM926700-series bearing cem be operated at 14,000 
rpm (25,000 fpm) under 15,619 pounds radial load and 4394 
pounds thrust load and 1950F oil inlet temperature.  The bear- 
ing cup OD temperatures, when tested under these conditions, 
ranged from 3250F to 3350F.  Seme of the bearings had spalls 
on the cone races after the test as a result of geometry distor- 
tion due to the temperatures exceeding 300oF. 

The rioiified HM926700-series bearings can be accelerated from 
0 to 10,000 rpm in less than 30 seconds and from 10,000 to 
11,500 rpm in less than  5 seconds under 10-percent load (1230 
pounds radial and 440 pounds thrust cylinder load applied to 
housings) from a room  temperature oil or preheated oil start. 
After running at 11,500 rpm under 100-percent load (12,300 
pounds radial and 4394 pounds thrust load) , the bearings can 
be accelerated to 14,000 rpm in less than 5 seconds under 75- 
percent thrust load«. 

EVALUATION OF FAIL-SAFE WEAR-RESISTANT BEARING MATERIALS 

Tests in the Timken lubricant and wear test machine showed 
that Borkote materials show the least amount of wear during 
the oil-off tests. Tests also showed that thj LP alloys gave 
the best overall life with a reasonable amount of wear. The 
LPA 404 alloy with 40-percent 4600-steel binder was the best 
of the LP alloys tested. 

EVALUATION OF TWO FAIL-SAFE BEARING DESIGNS 

Bearings with LPA 404 with 40-percent 4600-steel binder 
applied to the cone large end rib performed better than 
Borkote applied to the rib under fully lubricated conditions. 
The bearings with LP alloy applied to the rib were run for 24 
hours with no abnormal wear. At «the end of 24 hours, the oil 
was shut off, and the bearings continued to run for Bh  sec- 
onds. The goal wes 30 minutes op^ ation without lubricating 
oil. 

REPEAT FAIL-SAFE TEST 

A repeat fail-safe test was run with four bearings with LP 
alloy that had been previously tested. This test was run for 
hours before the oil was shut off. The bearings continued to 
rotate for 10 seconds.  A suitable wear-resistant fail-safe 
material and a method of attaching this material to the bear- 
ing has not been reached with our present technology. An al- 
ternate source of lubricating oil should be considered as a 
fail-safe lubrication system. 
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ADDITIONAL HM926700-SERIES BEARING TESTS 

These tests showed the best bearing adjustment to be 
between 0.001-inch and 0.0035-inch end-play.  Bearing damage 
occurred when the end-play was reduced to less than 0.001-inch 
and increased above 0.0035-inch. 

It was discovered that there is a difference in bearings from 
manufacturing lots that would not permit the bearings to oper- 
ate at high speeds. The scheduled oil flow tests could not, 
therefore, be run. 

The only significant difference from bearing sets appeared to 
be the level of retained austenite. Higher levels of retained 
austenite were less resistant to scuffing damage between the 
roller end and cone rib at the higher stress levels in steep- 
angle bearings.  More work is needed to verify this conclusion, 
since the data obtained in these tests is very limited. 

TAPERED ROLLER BEARING CONE FLANGE OIL DISTRIBUTION SPIN TEST 
1 

Results show that there is good correlation between the high- 
speed strobe light photographs showing the oil distribution 
from the radial oil lubrication holes and the computer program 
used to determine the percent of adequate lubrication at the 
cone rib interface. The computer printout is shown in 
Appendix I. 

TESTING OF XC11439-SERIES BEARINGS 

Testing of the XC11439-series bearing was successful. Seventeen 
bearings in eight test setups were tested during this phase 
of the program.  The duration of testing ranged from 1 hour to 
126 hours. Three of the bearings had accumulated 150 hours. 

As was expected, the bearing end-play adjustment had to be 
increased slightly with this shallow-angle bearing over that 
for the steep-angle, HM926700-series bearing. Successful tests 
were run with bench bearing end-play adjustments ranging from 
0.0035 inch to 0.005 inch. A bench bearing end-play adjust- 
ment of 0.0025 inch resulted in premature bearing damage in 
one of the tests. 

A mathematical approach to predicting start-up bearing adjust- 
ment (running approximatley 5 minutes) and level-off condition 
bearing adjustment (running several hours) has been developed. 
It shows that under the successful bench end-play bearing ad- 
justments that were tested, the bearings were actually 
slightly preloaded under level-off test conditions. 
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Based upon the data generated, the design HLH/ATC high-speed 
tapered roller bearing used in the aft and combiner trans- 
mission has finalized. A total of 10 different size tapered 
roller bearings will be tested by Boeing Vertol in both bench 
transmission and DSTR test stands prior to installation into 
the prototype HLH . 

r/ 
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RECOMMENDATIONS 

Based on the results and conclusions of this test program, it 
is recommended that additional testing be conducted on a large 
sample of bearings for an extended duration to determine 
fatigue life characteristics of high-speed tapered roller 
bearings versus calculated fati9ue life.  In addition, tests 
should be conducted on bearings fabricated from high-hot- 
hardness carburizing steels such as CBS-600 or CBS-1000M to 
determine improved cone rib scuffing resistance and to minimize 
raceway distortion due to high operating temperatures exper- 
ienced under maximum operating conditions. 
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APPENDIX I 
CONERIB LUBRICATION COMPUTER PRINTOUT 

ENORC PML 021—01 

COtE NO. O IL O I S - l 

INAUT OATA 

CONE A l t LUBRICATION 

CUR N O 

M i 
AAtfC 

I n « m * • 

SHAFT 10 ( I N I - 3 . . M 0 3 SHAFT 0 0 U N I - T . 2 1 9 0 

C O W INLET 0 1 A . U N I - T . W J O CON* OUTLET 0 1 A. U N I * 0 . 4 ! 

CON€ A1B-A0LLEA ENO CONTACT O I A . I I N I - A . 7 9 0 0 

CONE H I * 0 0 ( I N ) - 9 . 1 2 9 0 

CONE MANIFOLD TAAA LtN&TM I I N I - 0 . 2 * 1 0 NAA O I A - T . T 2 4 0 0 

CONE LUBAICATIOM OUCT ANCLE 1 0 - N - S I - 1 9 - 0 - 0 

LUBRICANT V I S C O S I T Y I C S ! • 1 0 0 F 3 2 . 0 0 0 0 0 
• 2 1 0 F . - 6 . B B 0 0 0 
a 1 * 9 F . - a . N T H 

S P E C I F I C GAAV1TY OF L U M I C A N T A 40 F . « 1 . 0 0 7 1 9 9 

COEFFICIENT OF I I F A N S I O N « 

SHAFT LUOaiCATlON DUCTS 

CONE LUBRICATION DUCTS 

SHAFT SFEEO ( R A N I - M O O 

O.OOOA1 

10 U N I -

10 U N I - 0 . 0 4 2 0 

INCREMENTS -

10 S U A * A C E - F I N . U N I -

1 0 S U R F A C E - F I N . I I N I -

I 

0 . 0 

0 . « 

ENCRC F H L 0 2 1 - 0 1 

CONE NO. O I L D I S - l 

CONf A l t LUBf t ICATION 

CUF R O . 7 . 1 * N 

8 F 1 
FACE 

CALCULATIONS 

A l t VELOCITY ( F T / N I N I - * 0 7 2 . 

SHAFT OUCTS 
0 . 0 1 6 8 
• 9 2 2 0 . 

6 7 6 0 . 
• 9 • . 6 6 2 6 

SHAfT SFEEO I A A N I - JQQQ. 

ON - 999117 . 

LUAAICANT FLOM CONDITIONS 
F R I C T I O N FACTOA 
HCAOLOSS U N / S i C l « * 2 

• REVNOLOS NUMAEA 
E A I T VELOCITY U N / S E C ) 

NAKIMUN NAN I FOLD FAESSUAE ( R S I I - M l 

TANOCNTIAL VELOCITY OF LUAAICANT a OUTLET I I N / S C C I -

ANCLE OF E X I T RELAT IVE TC OUTLET ( O E C A i E S I - 2 2 . 0 9 2 

EFFECTIVE EXROSUAE T I M (SEC I - 0 . 0 0 0 2 6 7 

« COVE RACE OF R I B - 2 0 . 7 2 

CONE OUCTS 
0 . 0 7 9 6 
9 4 0 9 6 . 

CONE 
MANIFOLO 
SHAFT 

FLOM (FT/MINI 
3 8 . 9 0 
78 .79 

114 .11 
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CHI     INCIIC »M1021-01 

.flUI NO.  OU. pIS-t 

COME  «IB  liaillCkTION 

CU» NO.  T.y Mt« CO« 

09/W/M 

t»lCUl*IlONS 

SHUT   SPEED   WWII« 4000. 

ON •   111021». 

«I» VEIKITV   IFI/KIIII-     HTM. 

lUMICANT   flUI CONOITIUMS SHtFT  tUCIi CONE  CUCtS 
FHICTION mcio« O.U«l 0.9»»* 
HEtCLUSS  (IN/Sttl»2 urn*. mi». 
IttVMOlDS  NUNtCIt mi«. ITtS. 
E«II  mOCITT   IIN/SECI 200J.S*«! lllt.ttlt 

IUIIINUM  MtNIEOtO  POESSMIE   IPSII-     li.ll 

UN6ENTUI.  VtlOCIIf  OF  LUMIONT I OUTLET   IIN/iECI'     IM7.4T 

>NM.E OF  EXIT «HtTIVE TC OUTLET   (OEGKEESf  2J.0T» 

EFFECTIVE  EftFOSUM   TIKI   ISECI«  0.00011« 

I CUVEUSE OF  Fl»   •  1T.»1 

FLO« IFT/NINI 
CONE •0.«« 
MMIfOLD IH.Oi 
SMFT 22«. n 

r 

IMC«C «4021-01 

COM NO.  OIL  OIS-J 

CDNC  »I» LMMUTION 

CU»  MO 

•F2 
FM( 

ov2»/n 

CFL'UKTIONS 

ft 

»I» VELOCITT   IFT/HINI-     1*12». 

$H»fI  DUCT» 
O.MTI 

2T»T»I. 
1M0». 

2»T*.**40 

MMFt  SFEtD   l«FW>»  »OOP. 

DM • U»0»ll. 

LUWICMn  FkOM CONDITIONS 
FRICTION F»CIO« 
Ni*010St  «IN/UCI«*2 
KEVNOLOS  WD»» 
(»IT VUOCITf   UN/SKI 

lUKINUN HMIFDIO MliSW«!   IFS1I-     21.«» 

TAN6ENTIM. VILOCITv  OF  LUWIUNT  * OUTLET   IIN/SECI« 

»NO-S OF »»IT ltEL*T|«E  TG OUTLET   lOtUEESM   2|.»l» 

EFFKTin MFOMM  TIM  «»«••  0.0000«C 

t confucf OF »i» ■ zun 

CONE OUCTS 
».Uli* 

2»»«. 
1»*>.J70* 

FLO»  1 
COM 104.41 
lUNIFOLO 211.04 
IMFT »0».»T 
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PM.     tNSOS PMllMl-al 

CO«  NO.  nil   DIS-4 

CONC  IIS  LUtHIUriON 

ClW  NO.   T.l" l»ri Com 

CM DnMif rtian «T i 

P»« 

SM»fT  10  (INI- 1.0000 SHAFT 00 UNI. 7.2150 

COM   IM.CT  DU.   UNI»     7.71*0 CONC OUTltl  01*.   IINI« •.♦S»0 

CONC  III»-II01LEII   tNO CONTACT   OU.   IINI« 6.1500 

CQNt «ie  00  IINI- «.1250 

CONC MtNIFMO  TU«»  lENCTH   IINI- 0.2410 N»«  OU-       7.90000 

COW LUOMCtTION OUCT  «HSLE   lO-H-il'     IS- 0-  0 

LUIDICtNT «IJCOSITV ICSI » 100 F.- 52.00000 
a 210 F.- *.IM00 
a  1*5 F.>       •.ItT«« 

SHCIFIC «UVITf  OF  lUtMCANT  • 40 F.»     1.0071«* 

COCFFICItNT  Or   (IFtNSION  •       0.00041 

MUFT  LMMIIC4TI0N  DUCTS 
NO.» 2 

CONf LUMICATION  PUCIS 
NO.-      24 

SHAFT  tMIO  («PNI-     JOM 

10 IINI- 

10  IINI- 

0.1IT5       10 SIWFACF-FIN.   IINI-      0.00014 

0.0420       ID SUMACC-flN.   «INI-      0.00014 

INCNENINTt ■       I 

CNM« FML02I-OI 

COM NO.  Oil  01 »-4 

COM  «It lUOIItCATION Mt M/t«/T« 

CAICIH.ATIMI 

7 

«It «IlOCirV   IFT/NINI«       »1,7t, 

SHAFT  OUCTt COM OUCTt 
».«Mt «-MM 
4«t2t. UIM. 
ATM. tu. 

«•4.4424 4t>.tJT4 

SHAFT  SFEte   UFNI» JUMM. 

ON •    fSSHT. 

lUMtCAMT   FiOH COdOITIOHS 
MICTIOH FACTO* 
NtAOiaM  IIN/tKI*'2 
RiVNOLM MNMW 
flit «tlOtlTV  tlN/tK> 

NAIINUII HAMIMtO fNtttgM   IFSII-      t.tt 

TANCCNTUt   »UOCIT» 0«  LUWICANT • OUIUT  IIN/tlCI-    tlM.T« 

ANCil OF MIT MIATIVI  16 OMHH lOKMMH  I«.72« 

CFFtCTIVt  fXFOSUti  TIM   ItKt«  «.«««274 

« COV(AASf  OF «I«  •   »t.Tt 

FIM   11 
CONf 54.0« 
NANIFOLO »«.10 
SHAFT 114.11 
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E M U ML021-01 CMt • • « L W M U T I O N } O V » / T » 

CMC NO. OIL O i l - * CUf HO. T y l » f r j <?**f 

CM.CiA.AT I QMS 

SHtfT SMiO l«MII« > M J . * ! • WtLOCIft C M / H I M * 197*4. 

OH • 1110213. 

I U M I C U T n.0> COMITKMS W * " OUC" COM OUCU 
MICTION «CTO« . ! ; ? ? ! ' »;«?• MUUII 'MI!!* l!Ii 
• I V M H K M M I M 1 H 1 1 « " • * * 
H I T VCLOCITV I IH /StCI 2003.9449 1030.44T9 

M a i m * MM 1 POLO PRCS SUAE I f S I l - I t . 91 

TANMNTMl VftOClTY <* LUtftlCANT 3 OUTtIT ( IN /S fC I - 2497.4T 

AMGtC Of H I T M l l T I V C TO OUTLKT ( M M K S l * JO.994 

IPFtCTIVt EXPQSUM T I M I 9 K I - 0.0001J2 

B C O W l M i Of H I • »0.»+ 

^lOM ( r T / m m 
COM 71.20 
M m m e 112.02 
SNMT 229.91 

M M H f t u i - o i cam « ! • U M I C A T I M . t 

t M U O k * t t - * cu» no . T«» ' WW tm 

CMXUMTiqWt 

SMMPT S#CfO W M * U t WlOCITT I P Y / M M * 19920. 

M - l « M B t t . 

IUMUUMI M l COMHTIOIU « * " """."SJ* HBTHH mn* .?:2iT J™*®' 
iSSfS Sim"" ISJJi: "!i. 
m l VCLOCITT I IM/S ICI J » » . M ^ 0 l H M « * 

V I I W M M POLO M U W O t ( M i l - « • « 

i a W « T ! U l U O U I T Of LIMMUKT • OUfHT l l l / I K I ' 1 M » . M 

AMLI or H I T K U T I I I TO OUTLET I 0 M M C S I - 10.T40 

u m n n i m w i T i m m e o .ooaon 

I C M U H or fill • H . H 

K M i n / m m 
COM M . T I 
MMIPOLO I M . I T 
m m IOT.IT 
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SNGNO M l U l - 0 1 CMC « ! • LUMICATION M l 09/20/T9 
M M | 

CONK NO. O i l OIS-2 CUP I 

SNAPT tO I I N I * 10.0900 M T T 00 ( I N K ( M i l l 

COM INL2T D U . | m i * U . H M COM OUT' IT 01 A. ( in?* l t . 0 0 0 0 

COM A I M O l l l f t (NO CONTACT 01 A. ( I N I - I ) . 2013 

CONC 010 00 I I N I * I I . M M 

CONC NANIPOLO TOO* IKNCTM I I N I * 0 .1*29 M i l 010- I t . 9 0 0 0 0 

COM LU0A1CATI0N OUCT IKOl l (D-N-SC 19- O- 0 

IUOAICANT VISCOSITY (CSI O 100 P . * 12.00000 
0 210 M 4.00000 
0 109 M 0.00T09 

SPCCIPIC (MV ITV OP LUOOICANT O 00 P . * I .00T190 

CMPPICIfNT OP (IPAN*ION 0.0004! 

INAPT LOO*ICAT ION OUCTS 
NO.- 2 10 I IN I - 0 . U T 9 10 SUNPACt-PIN. I I N I * 0.00010 

COM LU0AICAT10N OUCTS 
NO.- 2 * 10 ( M f 0.0420 10 9U0PAC0-PIN. I I N I - 0.00014 

SNAPT SPffO IOPNI- 9000 INC0M1NTS • 1 

I PW.021-01 COM RIO LOONKATION 

M NO. OIL 010-2 CUP n 

MICTION P AC TOO 

SNAPT SPCCO IOPNI— 1000. 010 VtlOCITV IPT/N1NI- M l . 

( I I COM OUCTS 
0.0099 0.24T0 

• 2 9000. 0099. 
2 SAT. 290. 

SUIT VCIOCITV U N / S K I 940.109S IA9.A990 

NASINUN NANIPOLO PNtSfUOt I P 3 I I * 0 . 0 1 
A 

TANQ0NT1AL VfLOCITT M UMICANT 0 CUTLCT UN/SAC)- OOO.OO 

ANOLC M H I T M l A T I V f TO OUTLfT l O M X I S M 19.990 

OPPOCTIVt IXPOOUOC T I M ISOCI-

« COVOAAM M 010 • 21 .01 

PLON IPT/N1N* 
C M 11.T2 
MNIPOLO 12.00 
SNOOT 90*00 

SO 



i m. u i n t - i 

§ 

• I t VILOCI TV M i l . 

M K T I « r i c i o a 
I I W S K I M 2 

• • I T 

M # 1 auCTf 
• . m i 
i i i u . 
• I f f . 

m . T§II 

« M t T S 
O . l l i T 

C i r v n n / s a c ) 

T W I T I I I VCiOCITT V W « I C M T • OtfTlfT I H U S K I - I M I . M 

M M V M I T MLATIV I TO OVUtT I N C M I I M ! • . • » « 

V f K T I V C W H I M T I M I M C ! • I ^ I O m 

t C O N M M » • ! • • H . » 

fUOf trt/mini 
C M » . H 
M M N l t l t . « 

* 
i i n i M i u v m 

I « . Ml >U-1 

• I t VC10CITV (FT/MINI - 1 M M . 

I W i C M ! fi.au C M 1 T I M 
MICTION M C T N Mimnu i in/tic i—a 
( S I T VUOCITV I I O / M C I 

I I I 
• . M M 

T i f f . 
l O U . l O K 

• MKTS 
••OTtO 
H M O a 

« U I W M NMI tOtO N H S P I l » M I « 1 . 5 * 

TMtMMTIM. VCiOCITV OP i U M I U M 0 OUTLfT I I M / S K M 2 0 * 2 . 9 ) 

M O ( OF M I T MLATlVf TO OHTLfl I 0 M M C S 1 * I J . 1 W 

• m C T I V t I t f Q M I T I M I S f C I - O.OOOlfti 

« COMOMC Of RIO » IV . 51 

H o n i f / m m 
C M f O . M 
A M I POL • f0«0f 

ISO* f t 
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INCOC      vOll-Ol 

CCNf  NO.   Oll CIS-9 

CQNC  »It  LUl«IC4TI0li 

CUP NO.   12.1* I 
M6I 

0t/tt/T3 

CUCUUTIONS 

SH»ft ifuo ttPnim looo. 

01  •     30M2t. 

kit  VfLOCITT  IM/MNI»       MM. 

IU»«IC»NT   riOK CONDITIONS SMATT   OUCTi COM OUCU 
MICTION »»CTO« O.M») t.ITT* 
HitOlOtS  llN/StCI»»2 It««. ♦♦Tt, 
• EtNOlOS NUNUR »6T. »1. 
HIT VILOCITV   IIN/SKI »*t.l«5J in.mt 

DtHinUM NtNlfOlI) MESSUKE   (»Sll*       o.*t 

IMCtNTUl  VIIOCITV Of  LUMICANT  •  OUTUT   IIN/iKI* 

tNUe Or HIT KUAIIVE TO OUTltT  IDIMICSI-  U.I*I 

EMfCTIVI fir01U«f TIM   IStCI»  0.OO0MI 

t €a«»u.f or mi • 21.TO 

riON irT/NiNi 
(ONf J0.4T 
MHtroio lo.n 
SH»rT )«.M 

COW NO.  Oil Oil-« 

IMMT  MT* 

COM »II IMNIMTiO« 

tu* mo. 

»r* 
»Mf 

tt/n/T» 

intMOii 

SNttT ID IINt.  10.0003 

COW IMlIT 014, Mm« ll.*44« 

COW  RIOHWllM INO CONTACT   014 

COM Kit 00  UNI-       Il.ttM 

COM MMirOlO T»4r IINOTH IINI« 0.17*0 

COM  ItlMlttTIIM DUCT AIMLi   10-N-It-     I»- 

SHATT 00  UNI«       tl.UTO 

COM OUTltT 01*.   IINI*       11.0000 

IINI«       IS.MIt 

Ml Dl*>     U.< 

0 

IUMIC4NT  VIKOSITT  ICtl  •  100 ».•     M.I 
• IM ».• 
a itf r..     I.MTM 

srtcinc ti4viTT or IMRIMNT • *o r.« 

COiMICIIHT or ur*wiON •      O.OOO*! 

»H4M  IUMIC4TI0N DUCTt 
NO.« t 

COM  IUWIC4TI0N DUCTS 
NO.»      24 

SH4rT SrilO  »MNI.    MOO 

10   UNI« 

I.OOTIM 

O.IIT»       ID »U»r*tt-ri--1.   UNI«      0.00014 

10  UNI« 0.0420      10 SUM4C(-rlN.   IINI«      0.00014 

INCMNCNT» •      f 
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CHOiuriAn 

CUf NO. 
»MS 

0«/t«/Tl 

tMtfT fMM MMI« tMtt« 

ON ■    * 1*0*1. 

iMotCANT nm CONOITIONS 
mtCtlON H«T0t 
MOMiOtt IIN/IRI**! 
«vnam «UMM 
mr «nociTv im/ifci 

M» vtLOcirv in/xtNi-    tm. 

MATT  OUtll 
0.0*01 
tun. 
♦T»7. 

«M.TMI 

COM OUCTS 
0.U7T 
«Til. 
Nt. 

t2«.MM 

mmtrnm mmimo MBSWI I»$II-    I.M 

TMMfNTIAl MIOCITV OT UMKICMT • OUtlET  IIN/lKf 

«Mto o* UIT «HATIVI TO wnn IOKMIS» I*.I*I 

tfMenn «xwtu>i TIM «tci- o.ooozot 

I cdwoMOC or MI « ii.ai 

MM 
aMime 
Mbor 

fton i»r/ttiNi 
M.T* 
il.*0 
•0.10 

i 

r 

PML     MOOC lMl-0t 

CO« NO. Oil Oil-« 

CM.CUIOTI0M 

COM 010 IKMIUTION 

em NO. 

•»♦ 0</M/TI 
»Ml     * 

RIO MLOCITT IPT/NINI«   lOIM. 

iHorr euttt UM own 
0.0»** 0.NII 
toon. wool. 
nn. m. 

lOM.tOf* MT.tMO 

Murr soi» «wm« 

ON •    «HOTT. 

luMteoin noo (OMIIION* 
oottn« 00C1M 
NiMUIt liN/tKI**l 
«iTNOlOl «UNOR 
Irf'T mttlTV IIN/OKI 

MMINUM WNIfOlO MMMM« IPII»      ♦.!♦ 

TMMONTUl VltOCITT W UMMMNT 0 OUTLET  UN/IK»«    10*1.01 

«MLi OF MIT MLkTIVi TO QUTLIT  (OCGMEti»  IS.*«* 

HfKTIW (irOtUOl TIM IIKI« 0.00010* 

« COWOMI OF mi « ii.n 

FLOH «rr/MNi 
CAM M.O* 
HMIFOLO »».*! 
oM»ri 110.T» 
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^^ssfmii^0>^m^^nim?r?^mi>!!^^>m^*"K''- 

p. 

:: 

nmt m.on-01 

com m. OIL ou-> 

INWT  MT« 

COHt Kll LWRICAIION 
MM 

e«/M/Ti 

CM* «MM« ri««« «i m 

iWFT   10  fllll»       lO.OtOO «MfT 00  UNI«       12.12?« 

COME   IMUt «U.   UNI«  1I.IT40 C0N( OUfliT 01«.   4IHI>      II.«MO 

CIMf  M«-MltM fNO COHTKT 01«.   IINI>       li.UI« 

COM «I« CD  IINI«       ll.MM 

COHt  MtNlfOi« T««f  LfNCTN IINI» 0.IM« Ml 0I«>      It.lHQt 
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APPENDIX  II 
HM926700-SERIES  BEARING PRETEST  INSPECTION 

TABLE   X. SUMMARY OF MODIFIED HM926700-SERIKS 
BEARING PRETEST INSPECTIONS 

1                                                                                                                                                                      ^ 

Cone Surface Roller Surface Cone Roller   I 
Test B..   tug FlBiahc- (   In.) Finishes ( to.) Race to SER       i 
No. No. Rib Fk^j       Race SER Bodies Rib Angle Pet Apex 

1 60-1 
PL-7 
PL-6 
PL-8 

7-15             8-8-1/2 
From ahakedom run 
From shakedown run 
From shakedown run 

7-9 4-5 90o2'45" 78 

2 60-2 5-6             9-10 7-9 4-5 89059'15" 80 
60-3 6-7              9-10 7-8 4-5 89059,1S" 80 
60-4 5-6              9-10 7-8 4-5 89059,15- 80 
60-5 6-7               7-1/2-8 7-8 4-5 89059,18" 80         i 

1      3 60-6 6-7              8-9 7-8 4-5 89059,15" 78         j 
60-7 6-7              9-10 7-8 4-5 89059•15,■ 80 
60-9A 5-7              9-10 4-5 4-5 89056• 80 
60-5 Same aa teat 2 

|      4 60-8 
PL-7 
PL-6 
PL-8 

8-10           9-10 
From ahakedown ma 
From analrenoiiHi run 
From ahakoito^m tun 

6-7 4-5 89059,16" 78         | 

5 60-« 8-9              6-1/2-7 6-7 4-1/8-6-1/8 90o8,48" 78 
^0-10 8-9              6-1/2-7 6-7 4-1/8-5 89059,16" 78 
40-11 8-10            6-6-1/3 6-7 4-1/8-5 M08,4S" 78 
80-13 8-10            7-7-1/3 6-7 4-1/8-8 8«069,18" 78        i 

6-10 F«U-ute testa 

11 9-13            6-7 4-8 5-6 890M< 79        { 
10-14          6-7 4-5 5-6 MPt»' 79        | 
10-13          6-7 4-5 5-6 89^86' 78 
10-14           8-6 4-5 5-6 89056, 78 

1    U 8-13            5-« 6-7 5-6 S^SS' 78 
6-10            7-8 6-7 5-6 e9058> 78 
8-13            7-8 6-7 4-1/8-8-1/8 S»°5S< 78 
9-13            5-6 6-7 4-1/3-6 •.,»058' 78 

13 Same aa test 12 
Same aa test 12 
Same aa test 12 
9-11            8-6 8-7 5-6 890M' 78 

14 10 10-16          4-8 5-7 6-9 890M' 80        | 
11 10-16           4-8 

Same aa test 12 
Same aa test 13 

5-7 5-8 89086' 80 

15 10 Same aa test 13 
13 8-10           4-8 

Same as test 14 
Same as tost 14 

5-7 6-9 UPt»' 78 

16 13 
13 

5-18           4-7 
Same aa tost IS 
Same as test IS 
Same ästest IS 

5-7 6-8 890S6' 78 
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TABLE X. Continued. il 
f 

Cone Surface Roller Surface Cone RoUer 
Teat Bearing FlnlsbeB (    In.) FllÜ8hM( in.) Race to SER 1 
No. No. Rib Face       Race SEA Bodies Rib Angle Pet Apex 

17 1-8 
2-8 

Timken oil-slotted bearing 
Ttmken oU-slotted bearing < 

7 Same a« test 16 j 
9 Same as test 16 1 

18 X 7-8               5-6 5-fl 5-6 "o5«' 80 1 
60-10 9                  5-6 5-6 6-6 89 59'16" 80 !               * 
60-11 6                  6-6-1/2 4-6 5-7 90o2,45" 80 i 
60-12 7                  6-6-1/2 4-7 4-1/2-5-1/2 89059,15" 80 f 

19 X 
2-8 
60-11 
60-12 

Same as tost 18 
Same as tost 17 
Same as tost 18 
Same as tost 18 

.-1 

,-■ 

i 

20 X 
2-8 
8-8 
60-U 

Same as tost 18 
Same as tost 17 
Suns as test 17 
Same as test 19 

\ 

11 9 
2 

Same as test 17 
Same as test 11 

i 

14 8-9             6-6-1/2 4-6 5-7 89059,15" 80 
u 
i 

60-1* Sams as test 10 
Cone Race Taper 

22 T-8 S-6                5-8 6-7 3-6 89054' 80 +0.00606 
T-6 4-6              6-8 4-6 4-7 69054' 80 +0.0001 j 

T-7 4-7              6-8 4-6 4-8 890M' 80 +0 0001. 40.0001 3 
T-e 4-6               7-8 6-7 3-7 »PW 80 "Me WWwf   TWe UQHB 

\ 
23 T-6 Sams as test 11 69054' +0*00906 

T-6 Same as test 12 89084' +0.0001 1 
T-T Buns a« test 12 69041• +0.0001. +0.0001 i 
T-» 6-10            6-6 4-6 3-6 89^41' 80 ■♦v» OOQOo 

M T-6 4-T              6-9 «-T 6-6 •9'41' 80 +0.00006 
T-10 6-10            6-9 1-« 4-8 UPAV 60 +0.00006 > 
T-7 Sam« as tost 19 8t041• +0.0001, 0.0001 
T* Sams as test 11 e9041' +0.00006 ■ 

25 T-ll 
1-8 

7-8               10-U 
Sams M tost 17 

4-6 4-8 89041' 60 +0.00015 

1-8 Sams as tost 17 ■ 

T-U 6-6              10-U 4-6 5-9 8•041• 60 +0.0001 

26 T-13 
1-6 
S-8 

7-6              10-1S 
Sams as teat IT 
Same as tost 11 

1.5-1 14-18 *lP*V 68 1 
T-U Same as tost 25 »**M' 85 

27 T-16 1-7              10-U 3-3 10-14 89a51'30" 80 * 
1-8 OamaastostlT 1 
1-8 Sam* a« teat 11 ^ 
T-14 4-8         '    U-U 1.6-1 14-M Wf>M' 85 1 

26 7H 6-7 1-1/2-3-1/1 10-14 90o2,45" 80 1 1-8 Sams as test 17 
1-8 Sams as test IT -1 
7S-8 6-6 1.5-3.5 10-14 »0Ot'48" 80 , 

\ 

\ 
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APPENDIX III 
HM9 26700-SERIES BEARING AFTER TEST 

* 

CONE HAS 17 RADIAL OIL LUBRICATION HOL2S. 

Figure 44. HM926700-Series Bearing After Test, Bearing No. 60-1, 
Test No. 1—Damaged After Running 1^ Minutes at 9300rpm. 
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Figure 45. HM926700-Series Bearing After Test, Bearing 
No. 60-4, Test No. 2—Damaged After Running 
for 45 Minutes at 14,000 rpm. 
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NOTE: CONE HAS 17 RADIAL OIL LUBRICATION HOLES 

Figure 46. HM926700-Series Bearing After Test, Bearing 
No. 60-4A, Test No. 3—Damaged After Running 
3 Minutes at 14,000 rpra. 



>,/ ? 
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NOTE: CONE HAS 17 RADIAL OIL LUBE HOLES 

Figure 47. HM926700-Series Bearing After Test, Bearing 
No. 60-7, Test No. 3—Okay After Running at 
14,000 rpm for 3 Minutes. 

102 



Figure 48. HM926700-Series Bearing After Test, Bearing 
No. 60-9, Test No. 5—Tested for 27.5 Hours 
at 14,000 rpm. 



Figure 49. HM926700-Series Bearing After Test, Bearing 
No. 3, Test No. 11—Damaged While Accelerating 
to 9000 rpci. 
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Figure 50. HM926700-Series Bearing After Test, Bearing 
No. 7, Test Nos. 12 through 17—Damaged 
After 22 hours at 11,500 rpm. 

% 

\ 
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IMMfiXMMMMM 

Figure 51. HM926700-Series Bearing After Test, Bearing 
No. 8, Test No. 12—Damaged After Running 
9 Hours at 11,500 rpm. Damage Due to 
Bearing End-Play Adjustment Test. 

1%. 
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Figure 52. HM926700-Series Bearing After Test.. Bearing 
No. 6, Test No. 13—Damaged After Running 
for 13 Hours at 11,500 rpm With Various 
Bearing End-Play Adjustments. 
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Figure 53. HM926700-Series Bearing After Test, Bearing 
No. 9-0kay After Running in Test Numbers 13 
Through 17 and Test No. 21. 

Figure 54. HM926700-Series Bearing After Test, Bearing 
No. 10, Test No. 15—Damaged Due to Test 
Assembly Problem. 
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I 
Figure 55. HM926700-Series Bearing After Test, Bearing 

No; T-8, Test No. 22--Damaged After Running 
9 Hours at 11,500 rpm. Damage Due to 
Bearing End-Play Adjustment Test. 

109 

%•...,_.j 'J ti'1- ..... . 



Figure 56. HM926700-Series Bearing After Test, Bearing 
No. T-6, Test No. 23—Damaged While Accelerating 
to 10,000 rpm. 
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Figure 57. HM926700-Series Bearings After Test, Bearing 
Numbers T-7 and T-9, Test No. 24—Damaged 
at 11,500 rpro. 

Figure 58. HM926700-Series Bearing After Test, Bearing 
No. T-10—Okay After Running in Test No. 24. 
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Figure 59. HM926700-Series Bearing After Test, Bearing 
No. T12, Test No. 26—Okay After Running 16 
Hours at 5000 rpm. 
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§ 
Figure 60. , HM926700-Series Bearing After Test, Bearing 

' Nb. T-14, Test No. 27—Damaged After Running 
1 Hour at 11,500 rpra. 
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Figure 61. HM926700-Serles Bearing After Test, Bearing 
No. 73-5, Test No. 29—Damaged at 10,000 rpm 
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Figure 62. HM926700-Series Bearing After Test, Bearing 
No. 73-13, Test Numbers 31 Through 33—Okay 
After Running 24 Minutes at 11,500 rpm. 
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Figure 63. HM926700-Series Bearing After Test, Bearing 
No. 73-8, Test No. 33—Damaged While Accelerating 
to 9000 rpm. 



APPENDIX IV 
HM926700-SERIES BEARINGS 

DEVELOPMENT TESTS LEVEL-OFF TEMPERATURES 
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APPENDIX V 
BII926700-SBRIES BBARIHG FAIL-SAFE 
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APPENDIX VI 
CORBELATION STUDY OF Z-TYPE CAGE FLMiGE 

GüIDAt:^E CLEARANCE M*D ROLLED EMP/eote 
RIB SCUFFING DAMAGE 

n 

TABLE Xm. TABULATKW OP OOM« RO/CAOB CLEARAMCE8 
Din TO COMB PKia PIT ON «BAFT 

COMB» 

BMIJ« StaA COM COM COM ODdaa CaM Cata 
TMtNo. No. OD ID Pit BftOD to Fit ID CUmaoM Rourka         | 

•0-1 S.00U 6.0004 0.004« T.0«00 T.M« T.0M1 0.00M DiiBatart 
PL-T 5.018« 6.0100 0.0044 T.om T.M04 T.«M 0.0M1 OK               | 
PL-« 8.0U1 6.0101 0.0000 

jCaga ONja 
OK 

PL-» S.OOSI 5.000T 0.0048 
Caaa Caga 

OK 

•0-1 5.006« 6.010* 0.0061 T.OOH T.«W T.«0« O.O0M BMweM 
60-8 6.016« 8.010« tf.0000 T.0«U T *QW T.MH 0.00H DaaaMd 
•f 4 6.0161 6.010« 0.0048 T.OOOO T.M« T.OOM O.00M OamagMi 
•   S 6.006« 6.0004 0.004« T.oaos T.om T.tOM 0.0M1 OK 

•vO 6.DOSS 6.0004 0.004« T.OM« T.«OI T.OOM O.O0M <* 
•0-T e.oiu 6.0101 0.004« T.OMO T.WOO T.OMO 0.00M or 
•0-4A 6.0161 6.0100 0.0044 T.OMO T.«01 T.OOM O.O0M Da».-jad 
«0-6 6.I<«U 6.0004 0.0040 T.om T.OON T.OOM 0.0M1 OK 

•0-t 6.00U 6.0000 0.0040 T.00T0 T.«or T.MTO 0.00M OK(apaU) 
WMMlcrmtk» toate PL-7 6.016« 6.0100 0.0044 T.OMO T.OON T.C080 O.00M OK(Mrtl) 

PL-0 6.0161 8.010« 0.00« T.OOOO T.M« T.OOM O.00M gKjM«a) 
PL-« 6.006« 6.0000 0.0044 T.OOTO T.OM T.IOM O.OMT 

•0-0 6.006« 5.0OOT 0.00« T.MOO T.OOM T.OOM O.0OH OK(a|NU) 
MMMlantkB taaU •O-10 6.016« 6.0007 0.0008 T.OM« T.om T.OOM 0.0007 OK 

•0-11 6.0U1 8.0101 0.0000 T.0«9O T.OOM T.MTO 0.00M OK 
•o-u o.oou 6.0000 0.00« T.OMO T.OOM T.OOM O.O0M OK 

PtU-Mf« 1-LP 6.006« 8.0004 0.00« T.MTS T.MU T.OMO O.O0M ftM^M 

1-LP 6.016« 8. «Mt 0.00« T.OMO T.OOM T.084O 0.00» flaiMiail 
»-LP 6.0161 6.O10O 0.00« T.OOTS T.MU T.OOM 0.M10 OK 
4-LP 6.006« 6.0009 0.00« T.M18 T.M« T.M1S 0.00M OK 

lUl-Mb 5-B 6.000« 8.0000 0.0040 T.OMO T.ora T.OOM 0.00M OK 
•-B 8.016« 8.oiofr 0.00« T.OMO T.0«04 T.OOM O.O0VO Oaangad        1 
T-B 6.0181 8.0100 0.00« T.OMO T.OOM T.OOM 0.00M fliaM^int 
•-B 6.000« 6.000« 0.0080 T.OMO T.OMT T.OOM 0.0070 OK 

IWl-Mb •-LP 6.0U8« 8.0000 0.0O4T T.OMO T.0OT8 T.OOM 0.00M OK 
10-LP 8.01U 8.0100 0.004T T.OMO T.om T.OMO 0.00M OK             \ 
11-LP 6.0181 8.0100 0.00« T.0040 T.00T6 T.OOM O.00M a—^M     | 
U-LP 8.006» 6.0000 0.0040 T.OMO T.OOOT T.«T1 0.01M OK 

FaU-Mf* U-LP 6. «on 4.0000 0.0004 T.OMO T.00T8 T.OOM 0.0070 OK 
14-LP 8.01M 8.01« 0.0000 T.OMO T.OOM T.OOM o.oora OK 
IS-LR 6.0181 8.0101 0.0000 T.0040 T.MT« T.OOM O.00H Daaafad 
10-LP 8.000« 4.0004 0.00« T.OMO T.OOM T.OOH 0.007» OK             | 

10 PaO-aafa •a-LP 
10a-LP 
Ua-LP 

6.008« 
8.018« 
6.0181 
».«Ott ii

ii
 

0.00« 
0.0M1 
O.O0M 
0.00« 

K. 
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TABLE Xm CoorUMMd. 

TMtNo. BMTII« 
No. OD 

COM 

ID 
COM 
Fit 

COM 
MbOD 

COMM) 
ODdM 
to Fit 

Cage 
ID 

Cago 
CIoaraaoM Bnnaika    j 

11 BMtrtag MtlutaMt 
No. 1 

5.0068 
5.0152 
5.0151 
5.0062 

4.9998 
5.0098 
5.0097 
5.0008 

0.0064 
0.0064 
0.0064 
0.0060 

7.0250 
7.0240 
7.0240 
7.0280 

7.0890 
7.0281 
7.0281 
7.0297 

7.0880 
7.0850 
7.0850 
7.0850 

0.0070 
0.0089 
0.0089 
0.0063 

OK 
OK 

Daaagad 
Duugad 

12 BMrtag «HaalmMt 
No. 1A 

5.0062 
5.0152 
5.0151 
5.0062 

5.0002 
5.0098 
5.0098 
5.0002 

0.0060 
0.0069 
0.0068 
0.0060 

7.0200 
7.0250 
7.0240 
7.0240 

7.0297 
7.0294 
7.0284 
7.0277 

7.08SS 
7.0840 
7.0850 
7.0640 

0.0068 
0.004« 
0.0086 
0.0083 

OK          | 
OK 
OK 

Dunaged 

IS BMriagadJiwtaMnt 
No. 2 

5.0062 
5.0152 
5.0151 
5.0062 

5.0002 
5.0093 
5.0098 
5.0004 

0.0060 
0.0069 
0.0068 
0.0048 

7.0950 
7.0250 
7.0240 
7.0250 

7.0397 
7.0294 
7.0284 
7.0288 

7.0855 
7.0840 
7.0550 
7.0870 

0.0058 
0.0048 
0.0088 
0.0084 

Damaged 
Damaged     j 

OK 
OK 

14 OU flow No. 1 10 
11 

5.0062 
5.0152 
5.0151 
5.0062 

5.0001 
5.0091 
5.0088 
5.0004 

0.0061 
0.0081 
0.0068 
0.0048 

7.0200 
7.0250 
7.0240 
7.0250 

7.0298 
7.0298 
7.0284 
7.0288 

7.0855 
7.0380 
7.0350 
7.0870 

0.0067 
0.0084 
0.006« 
0.0084 

OK 
Damaged     j 

OK 
OK          f 

18 Oil How No. 1A 5.11062 
5. MM 
5.0151 
5.0062 

5.0001 
5.0100 
5.00*8 
S.0004 

0.0061 
0.0062 
0.0068 
0.0048 

7.0MO 
7.0250 
7.0240 
7.0250 

7.0298 
7.0289 
7.0284 
7.0288 

7.0855 
7.0840 
7,0850 
7.0870 

0.0067 
0.0061 
0.008« 
0.0084 

Damaged 
OK 
OK 
OK           | 

10 OU flow No. IB 5.0062 
5.0162 
5.0181 
8.0862 

5.0006 
5.0100 
5.0008 
5.0004 

0.0047 
0.0062 
0.0068 
0.0048 

7.0240 
7.0260 
7.0240 
7.0850 

7.0278 
7.0299 
7.0284 
7.0888 

7.0818 
7.0840 
7.0850 
7.0870 

0.0040 
0.0061 
0.000« 
0.0084 

Damagad 
Damaged 

OK 
OK 

17 00 flow No. 1C 1-8 
2-8 

8.0058 
5.0152 
S.0181 
5.0062 

5.0098 
S.0004 

0.0088 
0.0048 

7.0840 
7.0880 

7.0884 
7.0288 

7.0850 
7.0870 

0.000« 
0.0084 

Damaged 
OK          | 

18 OUOowNo. ID X 
80-10 
80-11 
«0-12 

5.0862 
5.0152 
5.0151 
5.0062 

5.0097 
5.0101 

.5.0008 

0.0068 
0.0060 
0.004« 

7.0882 
7.0880 
7.0880 

7.0893 
7.0888 
7.0394 

7.0880 
7.0870 
7.0880 

0.0087 
0.0083 
0.0088 

Damaged 
OK 
OK 

19 OU flow No. 11 
atandardoag* 

X 
2-8 
80-11 
«0-12 

5.8062 
5.0162 
5.0151 
5.8062 
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APPENDIX VII 
301-10676-SERIES BEARINGS AFTER TEST 

CHIPPED CONE RIB OCCURRED WHEN CAGE WAS REMOVED FROM CONE 

Figure 64. XCll439-Series Bearing After Test, Bearing 
No. 73-65, Test No. 5--Damaged Due to Large 
Sheets of Silver Plating Separating From 
the Cage. 
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Figure 66. XCll439-Series Bearing After Test, Bearing 
No. 73-49, Test No. 3—Damaged Due to 
Insufficient Bearing End-Play Adjustment. 
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Figure 67. XC11439-Series Bearing After Test, Bearing No. 73, 
Test No. 6—Damaged Due to Lubricating Oil Pump 
Shutdown After Running 45 Minutes at 11,500 rpm. 
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APPENDIX VIII 
FLANGE OIL DISTRIBUTION SPIN TESTS 

-&• • \ 
' *' 

! 
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mmmm 

Figure 68. Simulated XC11437 Cone at 3000 rpm—Angle and 
Length of Oil Hole - 75°, 0.5 Inch; Oil Flow 
Rate - 6 Pints per Minute. 
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Figure 69. Simulated XC11437 Cone at 3000 rpm—Angle and 
Length of Oil Hole - 75°, 0.5 Inch ; Oil Flow 
Rate - 6 Pints per Minute. 
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Figure 70. Simulated XC11437 Cone at 8000 rpm—Angle and 
Length of Oil Hole - 75°, 0.5 Inch ; Oil Flow 
Rate - 6 Pints per Minute. 
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Figure 71. Simulated XC11437 Cone at 3000 rpm—-Angle and 
Length of Oil Hole - 75°, 0.375 Inch; Oil 
Flow Rate - 6 Pints per Minute. 
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Figure 72. Simulated XC11437 Cone at 6000 rpm—Angle and 
Length of Oil Hole - 75°, 0.375 Inch; Oil 
Flow Rate - 6 Pints per Minute. 
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Figure 73. Simulated XC11437 Cone at 8000 rpm—Anale and 
Length of Oil Hole - 75% 0.375 Inch; Oil 
Flow Rate - '6 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 74. Simulated XC12088 Cone at 2000 rpm—Angle and 
Length of Oil Hole - 75°, 0.32 Inch; Oil Flow 
Rate - 3 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 75. Simulated XC12088 Cone at 2000 rpro—^ngle and 
Length of Oil Hole - 75°, 0.32 Inch; Oil Flow 
Rate - 3 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 76. Simulated XC12088 Cone at 3000 rpm—Angle and 
Length of Oil Hole - 75°, 0.32 Inch; Oil Flow 
Rate - 3 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 77. Simulated XC12088 Cone at 1000 rpm—Angle and 
Length of Oil Hole - 75°, 0.243 Inch; Oil 
Flow Rate - 3 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 78. Simulated XC12088 Cone at 2C00 rpm—Angle and 
Length of Oil Hole - 75°, 0.243 Inch; Oil 
Flow Rate. - 3 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 79. Simulated XC12088 Cone at 3000 rpm—Angle and 
Length of Oil Hole - 75°, 0.243 Inch; Oil 
Flow Rate - 3 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 80. Simulated XC12088 Cone at 1000 rpm—Angle and 
Length of Oil Hole - 75°, 0.225 Inch; Oil 
Flow Rate - 3 Pints per Minute. 
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FRONT VIEW 

SIDE VIEW 

Figure 81. Simulated XC12088 Cone at 2000 rpm—Angle and 
-length of Oil Hole — 75°, 0.225 Inch; Oil 
Flow Rate - 3 Pints per Minute. 
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FRONT VIEW 

% 

Figure 82. 

SIDE VIEW 

Simulated XC12088 Cone at 3000 rpm—Angle and 
Length of Oil Hole - 75°, 0.225 Inch; Oil 
Flow Rate - 3 Pints per Minute. 
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FRONT VIEW 

f\ : * 

SIDE VIEW 

Figure 83. Simulated XC12088 Cone at 1000 rpm—Angle and 
Length of Oil Hole - 1°, 0.225 Inch; Oil Flow 
Rate - 3 Pints per Minute. 
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FRONT VIEW 

Figure 84. Simulated XC12088 Cone at 2000 rpns—-Angle and 
Length of Oil Hole - 1°, 0.225 Inch; Oil Flow 
Rate - 3 Pints per Minute. 
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FRONT VIEW 

, I I 

SIDE VIEW 

Figure 85. Simulated XC12088 Cone at 3000 rpm—Angle and 
Length of Oil Hole - 1°, 0.225 Inch ; Oil Flow 
Rate - 3 Pints per Minute. 
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APPENDIX IX 
TEST RESULTS OF HIGH-SPEED TAPERED 
ROLLER BEARING ENDURANCE TEST PROGRAM 

BACKGROUND 

Four bearings which completed 150 hours of testing at 11,500 
rpm and 100% load were inspected and determined to be accep- 
table for additional testing. An additional test was conducted 
for 850 hours at 11,500 rpm and 100% HLH engine input pinion ^ 
loads in order Lo establish fatigue or endurance-type data 
on high-speed tapered roller bearings. 

The bearings tested conformed to Figure 14.  The component 
serial numbers, bearing position in the test rig, and actual 
HLH/ATC test time are shown on Table VI. 

TEST EQUIPMENT AND PROCEDURE 

The basic test equipment used is shown in Figures 15 and 16. 
The test rig is capable of testing two sets of tapered roller 
bearings (Figure 17) under conditions which simulate the 
speeds and loads of the HLH combiner transmission input pinion 
bevel gear. The operating conditions were as follows: 

Speed 11,500 rpm 
Radial Load 11,400 lb 
Thrust Load 4200 lb 
Lubricant MIL-L-23699 
Oil-In Temperature 1900F 

TEST RESULTS 

The test bearings identified in Table I.  were assembled into 
the test rig with the following initial end-play settings. 

• Drive End Housing Bearings        - .0047 inch 

• Opposite Drive End Housing Bearings - .0042 inch 

I 
After completion of the test rig assembly, testing was started 
and was to continue for a maximum of 850 hours or until the 
bearing failed.  If a bearing failure occurred before the com-       5 
pletion of the 850 hours, the failed bearing(s) were to be 
replaced up to a maximum of four bearing failures. 

During the 850-hour test, the test machine experienced a total 
of 20 shutdowns as a result of test machine related problems. 
Also during this same period, several large variations of 
test loads occurred for short periods of (less than 5 minutes) 
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Operation. At five different times, the radial and thrust 
load dropped to zero and on nineteen other times, the radial 
and thrust loads dropped off to approximately 60% to 70% of 
desired values. 

All load variations occurred while the bearings were operating 
at full speed (11,500) and had no significant effect on bear- 
ing performance. One overload of approximately 125% also 
occurred during this test. 

i 
Oil inlet temperature was maintained at 190oF for all testing. 
Bearing outer race temperatures were recorded continuously 
during the progr-on and showed very little variation. Table 
VII shows typical temperature readings of cup outer diameter, 
oil outlet, and housing outer diameter for each bearing. 
Slight variations in temperature were mainly the result in 
ambient temperature variations. 

All testing was terminated at the end of 1041 hours (total 
HLH/ATC and HLH R6M test time) test time on the highest time 
bearing. The last 891 hours of testing were completed with- 
out any replacement of bearings due to fatigue or excessive 
wear. Prior to disasisembly of the bearings for inspection, 
the final end-play settings were measured: 

• Drive End Housing Bearings - .0025 inch 

• Opposite Drive End Housing Bearings - .0015 inch 

The bearings were disassembled and visually inspected for any 
evidence of fatigue or wear.  Figures 86, 87, 88 and 89 show 
the overall condition of the bearing? prior to disassembly of 
the cage and rollers from the cone. Table XIV provides a 
summary of the visual examination of all components of the 
four test bearings.  In addition. Figures 90 through 105 show 
photographs of the condition of each component at the comple- 
tion of the test. All cups of the test bearings had slight 
evidence of the initiation of surface damage in the form of 
small surface pits and some peeling. The pits were smaller 
than .01 square inch in ar>a. The peeling or super- 
ficial surface distress is a mode of damage associated with 
marginal oil film thickness which usually occurs around 
bruises, grooves or ends of cup-roller or cone-roller contacts. 
This type of bearing damage has also been observed on CH-46 
end CH-47 transmission bearings using synthetic lubricants 
without major influence on bearing removals. The peeling 
observed in the test bearings appeared to be localized in 
areas of high stress.  Similar type of peeling damage was 
noted near the under cut groove and cone-roller contact area 
on three of the four cones. One roller from bearing serial 
number 73-69/73-27 also showed several tiny surface pits which 
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were less than .01 square inch. 

Table XV provides a summary of the machine loads and the re- 
sultant individual bearing radial and thrust loads. Also 
shown are the calculated test bearing B-10 lives, cone rib 
stresses^ equivalent aircraft hours at cubic mean load, and 
the minimum oil film thickness for various component surfaces. 
The life of the center bearings exceeded the calculated life 
by approximately 2.5 times. The data generated during this 
program is insufficient to accurately evaluate the fatigue 
life properties of high-speed tapered roller bearings. The 
data appears to indicate that these bearings can be operated 
for long periods of time without major fatigue distress. 

The conditions of all four bearings were very similar and main- 
ly consisted of several small pits (less than .01 square inch 
in area), peeling, and light debris damage. This damage appears 
to be associated with thin oil films in areas of high load 
concentration. 
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Figure 87. Drive End Center Bearing S/N 73-59 After Test. 
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Figure 88. Opposite Drives End Center Bearing 
S/N 73-69 After Test. 

Figure 89. Opposite Drive End Bearing s/N 73-73 
After Test. 
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Figure 90. View of Cone Race Surface - Bearing S/N 73-50. 

Figure 91. View of Cup Race Surface - Bearing S/N 73-50. 
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Figure 92. View of Rollers - Bearing S/N 73-50. 

Figure 93. View of Cage Pockets - Bearing S/N 73-50 



Figure 94. view of cone Race Surface - Bearing S/N 73-59. 



Figure 96. View of Rollers - Bearing S/N 73-59 

Figure 97. View of Cage Pockets - Bearing S/N 73-59 



i t 

Figu re 98. View of Cone Race S u r f a c e - Bearing S/N 73-69 
(Note: Debr is Damage oh Race S u r f a c e ) . 

m 

isSKt-iSfess:-:. 

Figure 99. View of Cup Race Surface - Bearing S/N 73-69 
(Note: Debris Damage on Race Surface). 
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Figure 100. View of Rollers - Bearing S/N 73-69 
(Note: Several Pits on Center Roller). 

Figure 101. View of Cage Pockets - Bearing S/N 73-69. 
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Figure 102. View of Cone Race Surface - Bearing S/N 73-73 

Figure 103. View of Cup Race Surface - Bearing S/N 73-73 



Figure 104. View of Rollers - Bearing S/N 73-73 

Figure 105. View of Cage PocXets " Bearing S/N 73-73. 
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